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TO 

MY  WIFE 

WHO  HAS  SO    FAITHFULLY  AIDED  IN   ITS   PREPARATION 

THIS  EDITION  ALSO 

IS 

AFFECTIONATELY   DEDICATED 


PREFACE  TO  SIXTH  EDITION. 


In  preparing  the  sixth  edition  of  the  Clinical  Diagnosis  the  author 
was  confronted  with  an  important  problem.  A  great  deal  of  new  mate- 
rial had  to  be  introduced,  but  the  size  of  the  volume,  which  had  steadily 
grown  within  the  ten  years  of  its  existence,  could  not  be  exceeded. 
It  was  accordingly  necessary  to  go  over  the  entire  work  carefully  and 
to  cut  out  everything  that  was  not  of  clearly  practical  value,  to  con- 
dense, and  to  rewrite.  The  amount  of  labor  involved  was  consider- 
able, but  the  object  has  been,  it  is  hoped,  satisfactorily  achieved. 

The  chapter  on  the  Blood  has  been  further  enlarged  and  brought 
thoroughly  to  date.  Every  page  in  the  work  has  undergone  a  radical 
review.  A  new  chapter  on  the  Opsonins  has  been  introduced,  in  which 
the  subject-matter  has  been  conservatively  an  J,  it  is  hoped,  fairly  pre- 
sented; full  details  are  given  regarding  the  technical  portion  of  the 
subject,  in  which  the  writer's  experience  as  a  pioneer  worker  may 
prove  of  value. 

Two  appendices  have  been  added.  The  first  deals  with  the  prepa- 
ration of  culture  media,  and  may  prove  of  service  to  teachers  who  use 
the  book  not  only  as  a  text-book  of  clinical  diagnosis,  but  also  as  a  guide 
to  the  student's  work  in  bacteriology.  The  second  represents  an  out- 
line of  a  course  in  clinical  laboratory  methods,  and  is  presented  at  the 
request  of  teachers  in  clinical  microscopy  in  many  of  our  medical 
schools,  in  which  the  subject  is  steadily  growing  in  importance.  The 
"course"  is  based  upon  the  work  which  the  writer  has  conducted  for 
post-graduates  during  the  past  ten  years  in  hb  own  laboratory,  and 
is  designed  to  be  thoroughly  practical  and  comprehensive. 

Numerous  illustrations  in  black  and  white,  as  well  as  a  number  of 
colored  plates,  mostly  from  the  brush  of  Mrs.  Simon,  have  been  added. 

The  author  wishes  to  thank  the  medical  profession  for  the  continued 
favorable  reception  of  the  Diagnosis^  the  pioneer  work  in  America, 
and  trusts  that  the  present  edition  also  will  ser\'e  its  purpose  as  a  trust- 
worthy guide  to  the  medical  student,  general  practitioner,  and  the 

laboratory  research  worker. 

Charles  E.  Simon. 

1302  Madison  Ave.,  Baltimore, 

1907. 
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CLINICAL  DIAGNOSIS. 


CHAPTER    I. 

THE  BLOOD. 

GENERAL  CONSIDERATIONS. 

If  blood  is  allowed  to  flow  directly  from  an  artery  into  a  vessel 
surrounded  by  a  freezing  mixture,  and  containing  one-seventh  its 
volume  of  a  saturated  solution  of  sodium  sulphate,  or  a  25  per 
cent,  solution  of  magnesium  sulphate  (1  volume  to  4  volumes  of 
blood),  it  will  be  observed  that  after  some  time  a  sediment,  pre- 
senting the  color  of  arterial  blood,  has  formed  at  the  bottom,  which 
is  covered  by  a  layer  of  clear,  straw-colored  fluid — the  blood  plasma. 
Upon  microscopic  examination  the  sediment  will  be  seen  to  contain : 

(a)  Numerous  homogeneous,  non-nucleated,  circular,  biconcave 
disks.  These  measure  on  an  average  7.5  n  in  diameter,  and  are  of  a 
faint  greenish-yellow  color  when  viewed  through  the  microscope, 
while  en  masse  they  present  the  color  of  arterial  blood — the  erythro- 
cytes or  red  corpuscles  of  the  blood. 

(6)  Roundish  or  irregularly  shaped  nucleated  cells  which  are  for 
the  most  part  granular  and  far  less  numerous  than  the  red  corpus- 
cles, and  devoid  of  coloring  matter — the  leukocytes,  colorless  or 
white  corpuscles  of  the  blood. 

(c)  Minute  colorless  disks,  measuring  less  than  one-half  the  diam- 
eter of  a  red  corpuscle — the  so-called  blood  plaques,  or  blood  plates 
of  Bizzozero. 

GENERAL  OHARAOTERISTIOS  OF  THE  BLOOD. 

Color. — Chemical  examination  of  the  blood  shows  that  its  color  is 
referable  to  the  presence  of  an  albuminous,  iron-containing  substance 
— hemoglobin — m  the  bodies  of  the  red  corpuscles,  which  is  character- 
ized by  its  great  avidity  for  oxygen,  and  forms  a  compound  therewith, 
know^n  as  oxyhemoglobin.  The  relatively  larger  amount  of  the 
latter  encountered  in  the  arteries,  as  compared  with  the  veins,  causes 
the  difference  in  the  appearance  of  arterial  and  venous  blood,  the 
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former  presenting  a  bright  scarlet-red,  the  latter  a  dark-bluish  color. 
A  bright  cheny-red  color  is  noted  in  poisoning  with  carbon  monoxide, 
while  a  brownish-red  or  chocolate  color  is  observed  in  poisoning 
with  potassium  chlorate,  anilin,  hydrocyanic  acid,  and  nitrobenzol. 
A  milky  appearance  is  frequentiy  seen  in  well-marked  leukemia. 
In  chlorosis  and  hydremic  conditions,  as  would  be  expected,  the 
blood  is  pale  and  watery. 

Odor. — ^The  peculiar  odor  of  the  blood,  which  varies  in  different 
animals,  the  haliius  sanguinis  of  the  ancients,  is  due  to  the  presence  of 
certain  volatile  fatty  acids,  and  may  be  rendered  more  distinct  by 
the  addition  of  concentrated  sulphuric  acid. 

Specific  Gravity. — The  specific  gravity  of  the  blood  in  healthy 
adults  varies  between  1.058  and  1.062,  being  higher  on  an  average 
in  men,  1.059,  than  in  women,  1.056,  and  chUdren-i-boys  1.052, 
girls  1.050.  Generally  speaking,  it  is  proportionate  to  the  amount 
of  hemoglobin  and  the  volume  of  red  corpuscles.  It  is  diminished 
by  fasting,  the  ingestion  of  solids  and  liquids,  gentle  exercise,  preg- 
nancy, etc.  It  depends,  moreover,  upon  the  bloodvessel  from  which 
the  specimen  is  taken,  being  higher  in  venous  than  in  arterial  blood. 

Under  pathological  conditions  the  specific  gravity  may  vary  be- 
tween 1.025  and  1.083.  In  nephritis,  chlorosis,  the  anemias  in 
general,  and  in  cachectic  conditions  (carcinoma  of  the  stomach,  etc.) 
it  may  diminish  to  1.031.  In  phthisis  it  is  diminished  in  the  third 
stage  (1.040  to  1.042),  and  in  the  first  stage  (1.049)  in  those  patients 
in  whom  the  onset  has  been  very  gradual.  In  the  second  stage 
normal  figures  are  obtained  (1.058  to  1.060),  corresponding  to  the 
relatively  high  percentage  of  hemoglobin  (90  to  95  per  cent.)  which 
is  then  noted,  and  which  is  referable  no  doubt  to  a  concentration  of 
the  blood.  An  increased  specific  gravity  is  met  with  in  febrile 
diseases  (typhoid  fever,  1.057  to  1.063),  conditions  associated  with 
pronounced  cyanosis  (emphysema,  fatty  heart,  uncompensated  val- 
vular disease,  1.054  to  1.068),  and  obstructive  jaundice,  1.062. 
The  highest  values  have  been  found  in  enterogenous  cyanosis,  1.067 
to  1.083. 

Method  of  Determining  the  Specific  Gravity  of  the  Blood. 

Hammerschlag'fl  Method. — ^A  carefully  dried  cylinder,  measuring  about 
10  cm.  in  height,  is  partly  filled  with  a  mixture  of  chloroform  (sp. 
gr.  1.526)  and  benzol  (sp.  gr.  0.889),  having  a  specific  gravity  of 
1.050  to  1.060.  Into  this  solution  a  drop  of  blood  is  allowed  to  fall 
directly  from  the  finger,  pressure  being  avoided,  and  care  taken 
that  the  drop  does  not  come  in  contact  with  the  walls  of  the  vessel. 
The  drop  should  not  be  too  large,  as  otherwise  it  will  separate  into 
droplets,  giving  rise  to  inaccurate  results.  Should  the  drop  sink 
to  the  bottom,  it  is  apparent  that  the  specific  gravity  of  the  mixture 
is  lower  than  that  of  the  blood,  necessitating  the  addition  of  chloroform. 
This  should  be  added  drop  by  drop  while  the  mixture  is  thoroughly 
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stirred.  If,  on  the  other  hand,  the  drop  should  tend  toward  the  surface 
it  is  best  to  add  an  amount  of  benzol  sufficient  to  cause  the  blood  to 
sink  to  the  bottom,  and  then  to  bring  it  to  the  proper  degree  of  sus- 
pension by  the  subsequent  addition  of  chlorofonn.  As  soon  as  the 
drop  remains  suspended  the  mixture  is  filtered,  and  its  specific 
gravity  ascertained  by  means  of  an  accurate  areometer  registered  to 
the  fourth  decimal.  The  figure  obtained  is  the  specific  gravity  of 
the  blood.    The  chloroform-benzol  mixture  may  be  kept  indefinitely. 

With  practice,  results  sufficiently  accurate  for  clinical  purposes 
may  thus  be  obtained  with  an  expenditure  of  veiy  little  time.  The 
examination  should  in  each  case  be  made  at  the  same  hour,  as  the 
specific  gravity  undergoes  diurnal  variations. 

Instead  of  the  chloroform-benzol  mixture,  one  of  chloroform  and 
olive  oil  may  be  employed,  as  suggested  by  Van  Spanje.  It  has 
the  advantage  of  being  less  volatile  than  the  other.  Three  parts  of 
chloroform  and  one  of  oil  give  a  mixture  with  a  specific  gravity 
of  1.056. 

Sehmalti  and  Peiper's  Method. — Where  delicate  scales  are  avail- 
able the  method  of  Schmaltz  and  Peiper  may  be  employed.  A 
capillaiy  tube,  measuring  about  12  cm.  m  length  and  1.5  mm.  in 
width,  with  its  ends  tapering  to  a  diameter  of  0.75  mm.,  is  filled  with 
blood  and  carefully  weighed.  The  weight  of  the  blood,  divided  by 
the  weight  of  an  equivalent  volume  of  distilled  water,  indicates  the 
specific  gravity. 

As  the  result  of  numerous  investigations  it  may  now  be  regarded 
as  an  established  fact,  that  with  the  exception  of  nephritis,  circulatory 
disturbances,  leukemia,  posthemorrhagic  anemia,  and  that  resulting 
from  inanition,  the  specific  gravity  of  the  blood  varies  directly  with 
the  amount  of  hemoglobin  and  the  volume  of  the  red  corpuscles. 
A  simple  method  is  thus  given  by  means  of  which  hemoglobin  esti- 
mations can  be  made  in  the  absence  of  more  expensive  instruments. 
In  the  following  table  the  specific  gravities,  as  obtained  with  Ham- 
merschlag's  method,  and  that  of  Schmaltz  and  Peiper  are  given, 
with  the  corresponding  amounts  of  hemoglobin: 


Specific  fEravity 

Specific  gravity 

according  to 
Hammersenlas. 

Hemoglobin.              according  to 

Hemoglobin. 

Sohmalts  and  Peiper. 

1.033-1.035   . 

.   25-30  per 

cent.            1.030       .      .      . 

20  per  cent 

1.035-1.038   . 

.   30-35       ' 

1.035 

30 

1.038-1.040   . 

.   35-40 

1.038        . 

35 

1.040-1.045   . 

.   40-45 

1.041 

40 

1.045-1.048   . 

.   45-55        ' 

1.0425     .      . 

45 

1.048-1.050  . 

.   55-65 

10455      . 

50 

1.050-1.053   . 

.   65-70        ' 

1.048        .      . 

55 

1.053-1.055  . 

.   70-75       * 

1.049 

60 

1.055-1.057  . 

.   75-85 

1.051        .      . 

65 

1.057-1.060  . 

.   85-95       ' 

1.052        .      . 

.     70 

1.0535      .      . 

.     75 

1.056       .      . 

80 

1.0575     .      . 

90 

1.059        .      . 

.    100 
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klin.  Med.,  1892,  vol.  xxii,  p.  475.  Schmaltz,  Deutsch.  Arch.  f.  klin.  Med.,  1890, 
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Beaction. — ^The  reaction  of  the  blood  during  life,  owing  to  the 

Presence  of  disodium  phosphate  and  sodium  carbonate,  is  alkaline, 
'he  degree  of  alkalinity  in  healthy  adults,  while  fasting,  corresponds 
to  about  300  to  325  mgrms.  of  sodium  hydrate  for  100  c.c.  of  blood 
(Lowy).  Variations  amounting  to  75  mgrms.  plus  or  minus  are, 
however,  not  uncommon  and  in  part  due  to  unavoidable  errors  of 
technique  (30  mgrms.). 

Generally  the  alkalinity  of  the  blood  is  lower  in  women  and  children 
than  in  men,  and  is  influenced  by  the  process  of  digestion,  exercise, 
etc.  At  the  beginning  of  digestion,  when  hydrochloric  acid  is  being 
freely  secreted,  the  alkalinity  of  the  blood  increases;  while  later  on 
it  diminishes.  Higher  values  are  usually  found  during  pregnancy 
than  in  the  non-pregnant  state.  A  decrease  is  observed  following 
violent  muscular  exercise  and  also  after  the  prolonged  use  of  acids, 
while  an  increase  is  brought  about  by  the  ingestion  of  alkalies.  An 
increase  in  the  alkalinity  of  the  blood  occurs  after  a  cold  bath,  and 
it  is  interesting  to  note  that  this  is  apparently  associated  with  an 
increase  in  the  bactericidal  power  of  the  blood. 

Under  pathological  conditions  the  alkalinity  may  be  diminished  or 
increased,  as  is  shown  in  the  table  below.  Unfortunately  we  are 
not  able  to  account  for  these  fluctuations  in  a  satisfactory  manner 
and  the  data  are  thus  of  little  value.  A  marked  decrease  in  diabetes 
may  be  viewed  as  of  serious  prognostic  omen  and  as  indicating  acid 
intoxication.  During  diabetic  coma  the  reaction  owing  to  the  pres- 
ence of  large  amounts  of  beta-oxybutyric  acid  may  actually  be  acid. 
The  supposition  that  in  gout  a  diminished  alkalinity  exists  in  the 
intervals  between  attacks,  and  that  this  increases  beyond  the  normal 
during  the  attack,  has  been  proved  unfounded. 

Orlowsky  has  recently  expressed  the  opinion  that  the  variations 
in  the  alkalinity  of  the  blood  which  have  been  noted  in  various 
diseases  and  sometimes  in  one  and  the  same  disease,  by  various 
investigators  working  ^^ath  the  older  methods,  are  referable  to  the 
varying  tonicity  of  the  blood  and  its  varying  richness  in  red  corpuscles. 
Working  with  blood  plasma  Orlowsky  found  a  marked  diminution 
of  the  alkalinity  in  advanced  uremia,  in  cancerous  cachexia,  and  in 
severe  cases  of  diabetes,  while  in  other  diseases  normal  values  or 
at  most  but  slight  and  exceptional  variations  were  obser\'ed. 

The  following  table  gives  some  of  the  results  which  have  been 
obtained  with  L5wy's  method: 
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Carcinoma  oesophagi 227-643 

Carcinoma  ventricmi 256-635 

Ulcus  ventriculi 302-460 

Anadeny  of  the  stomach 354-360 

AlcohoLc  gastritis 343-379 

Chronic  enteritis 212-272 

Phthisis  pulmonalis 450-468 

Bronchitis 239-343 

Neurasthenia 225-426 

Arteriosclerosis 208-344 

Chronic  arthritis 368-465 

Erysipelas                          498 

Typhoid  fever 270-640 

Pneumonia 263-464 

Septicemia 443 

Leukemia 368-835 

Pernicious  anemia 429 

Diabetes  mellitus 362-457 

Chronic  interstitial  nephritis 310-409 

Chronic  parenchymatous  nephritis 312-490 

Cirrhosis  of  the  liver 272-345 

The  alkalinity  may  be  measured  according  to  one  of  the  following 
methods: 

Lowy's  Method. — Five  c.c.  of  blood,  obtained  from  one  of  the 
superficial  veins  of  the  arm  (preferably  the  median  cephalic),  are 
allowed  to  flow  into  a  small  flask  provided  with  a  long  and  partially 
graduated  neck,  and  containing  46  c.c.  of  a  0.25  per  cent,  solution 
of  ammonium  oxalate.  Coagulation  is  thus  prevented  and  the  blood 
made  lake-colored — i,  e.,  the  hemoglobin  is  dissolved  from  the 
stroma  of  the  red  corpuscles.  The  mixture  is  then  titrated  with  a 
^^  normal  solution  of  tartaric  acid,  using  lacmoid  paper,  soaked  in  a 
concentrated  solution  of  magnesium  sulphate,  as  an  indicator. 

As  a  normal  solution  of  tartaric  acid  contains  75  grams  to  the 
liter,  a  ^  normal  solution  will  contain  3  grams,  and  1  c.c.  of  the  ^ 
normal  solution  will  corrrespond  to  0.0016  gram  of  sodium  hydrate.^ 

Supposing  that  10  c.c.  of  the  -^  normal  solution  were  necessary 
to  neutralize  6  c.c.  of  blood,  the  alkalinity  of  these  6  c.c.  in  terms 
of  sodium  hydrate  wouki  correspond  to  0.016  gram,  and  the  alka- 
linity of  100  c.c.  of  blood  to  0.016X20=0.320  gram— i.  e,,  to  320 
mgrms. 

Sogers  Method. — This  is  essentially  a  modification  of  Lowy's 
method,  and  is  well  adapted  for  clinical  purposes,  as  the  amount  of 
blood  required  for  a  single  examination  can  readily  be  obtained  by 
ordinary  puncture. 

The  blood  is  measured  and  rendered  lake-colored  in  a  specially 
constructed  pipette  (Fig.  1).  To  this  end  the  blood  is  drawn  to 
the  0.06  C.C.  mark  and  diluted  with  neutral  distilled  water,  so  that 
the  volume  of  the  mixture  reaches  the  5  c.c.  line.     After  slight  agi- 

'  Regarding  the  standardization  of  normal  solutions  the  reader  is  referred 
to  special  works  on  quantitative  analysis. 
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tation  the  solution  is  placed  in  a  small  beaker  and  titrated  with  a 
■^  nonnal  solution  of  tartaric  acid,  from  a  special  burette  which 
accompanies  the  pipette.  This  is  so  constructed  that  each  cubic 
centimeter  is  divided  into  twenty  parts.  Before  and  after  the 
addition  of  every  drop  of  the  titrating  fluid  the  reaction  of  the  mix- 
ture is  tested  by  placing  a  drop  upon  lacraoid  paper.  The  end 
reaction  is  reached  when  the  yellow  drop  of  the  blood  mixture  shows 
a  distinct  red  line  along  the  margin.  The  result  b  expressed  in  terms 
of  milligrams  of  sodium  hydrate  per  1  c.c.  of  blood.  Normally  about 
10  c.c.  of  the  acid  solution  are  employed.  The  tartaric^acid  solution 
contains  1  gram  of  Merck's  crystals  (crystallized  reagent)  to  the  liter, 
so  that  1  c.c.  corresponds  to  0.533  mgrm.  of  sodium  hydrate. 


Engel'i  illulini 


Supposing  (hat  0.6  c.c.  of  the  acid  solution  was  required  to  neu- 
tralize the  0.05  C.C.  of  blood,  then  12  c.c.  would  be  necessary  for 
1  c.c,  of  blootl.  As  1  c.c.  of  the  acid  solution  represents  0.533  mgnn. 
of  sodium  hydrate,  the  alkalinity  of  1  c.c.  of  blood  would  correspond 
to  12X0.533'—;.  e.,  (o  6.396  mgmis. 

Din's  Usthod. — This  method  is  based  upon  the  fact  that  the 
characteristic  spectrum  of  oxyhemoglobin  disappears  nt  the  point 
of  exact  neutralization  when  the  blood  is  titrated  with  a  dilute  solu- 
tion of  tartaric  acid. 

The  examination  is  made  with  the  aid  of  a  special  instrument,  the 
kemo-alkaJimeler,  which  is  pictured  in  the  accompanying  illustration 
(Fig.  2).  B  is  a  glass  stopper  through  which  passes  an  automatic 
capillary  bloo<l  pii>ette  of  20  cram,  capacity,  the  expased  end  of 
which  is  ground  to  a  tapering  point.     The  stopper  fits  into  the  tube 
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Ay  which  has  a  capacity  of  3  c.c.  and  is  graduated  in  cubic  cen- 
timeters.    The  upper  end  of  the  tube  is  blown  into  a  bulb  with  a 
minute  aperture  at  C.     A  2  c.c.  dropping  tube  provided  with  a  short 
piece  of  rubber  tubing  accompanies  the  instrument. 
To  neutmUze  the  blood  a  y^  normal  solution  of  tartaric  acid 

is  used,  which  should  contain  an  amount  of  alco- 
hol sufficient  to  prevent  the  growth  of  bactena,  but 
insufficient  to  precipitate  the  albumins  of  the  blood. 
The  reagent  may  be  prepared  by  dissolving  0.075 
gram  of  tartaric  acid  (Merck's  crystals;  guaranteed 
reagent)  in  a  small  amount  of  distilled  water, 
adding  20  c.c.  of  alcohol  (93-94  per  cent.),  and 
diluting  to  200  c.c.  with  water. 

For  the  spectroscopic  examination  a  Browning 
instrument  (Fig.  3)  will  suffice. 


Fio.  2. — Dare's  hemo- 
alkalimeter. 


Fio.  3. — Browniog's  spectroscope.     (Zeiss.) 


Method. — A  drop  of  blood  is  obtained  from  the  finger-tip  or  the 
lobe  of  the  ear  in  the  usual  manner.  The  blood  pipette  is  filled 
in  situ  by  capillary  attraction,  holding  the  instrument  horizontally 
to  the  drop  of  bloocl  as  it  emerges  from  the  wound.  With  an  ordinary 
medicine  dropper  filled  with  distilled  water  the  blood  is  washed 
into  the  bottom  of  the  tube,  connecting  the  dropper  with  the  pij)ctte 
by  means  of  a  short  piece  of  rubber  tubing.  Blood  and  water  should 
just  reach  the  zero  mark,  and  are  intimately  mixed  by  closing  the 
aperture  in  the  bulb  with  the  finger  and  inverting  the  tul)e  several 
times.  The  reagent  pipette  is  then  filled  with  the  tartaric  acid  solu- 
tion and  the  rubber  tubing  slipped  over  the  outer  end  of  the  blood 
pipette;  by  compressing  the  rubber  bulb  the  acid  solution  is  forced 
through  the  pii>ette  into  the  test-tube,  the  aperture  in  the  glass  bulb 
being  closed  before  the  pressure  is  relaxed.  Having  done  this  the 
tube  is  inverted  several  times  while  still  attached  to  the  reagent 
pipette,  taking  care  that  this  is  held  vertically  so  that  the  acid  solu- 
tion does  not  get  into  the  rubber  bulb.     The  tube  is  clamped  in  front 
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of  the  spectroscope  and  examined  for  the  two  bands  of  oxyhemoglobin. 
(See  Fig.  6.)  So  long  as  these  are  visible  more  of  the  acid  is  added, 
inverting  the  tube  after  each  addition;  as  the  bands  become  fainter 
one  drop  at  a  time  is  allowed  to  enter.  At  first  this  is  rather  tedious, 
but  after  several  examinations  have  been  made  it  will  be  found  imneces- 
sary  to  apply  the  spectroscope  so  frequently  to  determine  the  point  of 
neutralization,  as  the  eye  rapidly  leams  to  recognize  this  by  the 
characteristic  change  of  color  of  the  blood  mixture.  The  observation 
is  at  an  end  when  the  oxyhemoglobin  bands  have  just  disap- 
peared. 

The  examination  is  made  with  artificial  light,  keeping  the  distance 
from  the  Ught  constant. 

Dare  suggests  that  for  sake  of  convenience  the  results  be  expressed 
in  terms  of  the  number  of  cubic  centimeters  of  the  tartaric  acid 
solution  instead  of  in  mgrms.  of  sodium  hydrate,  as  has  been  cus- 
tomary. The  corresponding  values  are  given  in  the  table  below, 
and  have  reference  to  100  c.c.  of  blood.  His  normal  values  range 
between  266  and  292. 


c.c.  of  reasent : 

2.6.  . 

2.4.  . 

2.2.  . 

2.0.  . 

1.8.  . 

1.6.  . 

1.4.  . 

1.2.  . 

1.0.  . 

0.8.  . 

0.6.  . 

0.4.  . 

0.2.  . 


Equivalent  in  terms 
of  mgrms.  of  NaOH 
per  100  CO.  of  blood. 

345.0 
319.0 
292.0 
266.0 
239.0 
212.0 
176.0 
169.0 
133.0 

96.0 

79.0 

53.0 

26.6 


Dare  has  ascertained  with  his  method  that  there  is  a  more  or  less 
constant  relationship  between  the  alkalinity  of  the  blood  and  the 
color  index,  and  he  suggests  that  this  may  be  the  reason  why  the 
results  obtained  by  different  investigators  differ  so  widely,  as  at 
different  stages  of  the  disease  the  color  index  may  change. 

The  method  is  quite  convenient  and  merits  the  careful  attention 
of  all  laboratorv  workers. 


Literature. — v.  Jaksch,  Zeit.  f.  klin.  Med.,  1887,  vol.  xiii,  p.  350.  A.  Lowy. 
Arch.  f.  d.  gesaminte  Physiol.,  1894,  vol.  Iviii,  p.  462.  Lowy  u.  Hicht^r,  Deutsch. 
med.  Woch.,  1895,  vol.  xx.  p.  526.  Peiper,  Arch.  f.  path.  Anat.,  1889,  vol.  cxvi, 
p.  337.  Runipf,  Centralbl.  f.  inn.  Med.,  1891,  vol.  xii.  p.  447.  Kraiis,  Arch,  f . 
exp.  Path.  u.  Pharmakol.,  vol.  xxvi.  Engel,  Berlin,  klin.  Woch.,  1898,  p.  308. 
Brandenburg,  Zeit.  f.  klin.  Med.,  vol.  xxxvi,  p.  267.  Orlowskv,  Wratch,  1902, 
vol.  xxii,  pp.  1190  and  1222.  A.  Dare,  Phila.  Med.  Jour.,  Jan.  17,  1903;  and 
Johns  Hopkins  Hospital  Bull.,  July,   1903. 
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Chemical  Composition  of  the  Blood. — A  general  idea  of  the 

chemical  composition  of  the  blood  may  be  formed  from  the  accom- 
panying table  of  C.  Schmidt,  calculated  for  1000  parts: 

Man.  Woman. 

Corpuscles 513.00*  369.20 

Water 349.70  272.60 

Hemoglobin  and  globulins 159.60  120.10 

Mineral  salts 3.70  3.55 

Plasma 486.90  603.80 

Water 439.00  552.00 

Fibrin 3.90  1.91 

Albumins  and  extractives 39.90  44.79 

Mineral  salts 4.14  5.07 

Blood  plasma  differs  from  blood  serum  in  the  presence  of  fibrinogen 
in  the  former  and  its  absence  in  the  latter.  The  substance  is  used  up 
during  coagulation,  fibrin  and  a  small  amount  of  fibrinoglobulin 
resulting. 

The  albumins  which  are  common  to  both  plasma  and  serum  are 
serum  albumin  and  serum  globulin.  Of  these  the  globulin  is  the 
larger  fraction  (3.84  as  compared  with  2.6  per  cent.,  m  horses'  blood). 

From  the  following  table  it  will  be  seen  that  a  marked  difference 
exists  in  the  nature  of  the  mineral  ingredients  between  serum  and 
the  red  corpuscles,  the  latter  being  relatively  rich  in  potassium  salts 
and  phosphorus,  and  poor  in  sodium  salts  and  chlorine.  The  figuies 
have  reference  to  1000  parts  of  blood 

Man.  Woman. 


r  \ 


Red  Red 

corpuscles.  ^     Serum.  corpuscles.      Serum. 

K,0 1.586         0.153  1.412         0.200 

Na^O 0.241  1.661  0.(M8  1.916 

CaO 

MgO 

FczOj 

a 0.898  1.722  0.362  1.440 

P,05 0.695         0.071  0.643         2.202 

It  is  noteworthy  that  the  amount  of  sodium  chloride  in  the  serum, 
6  to  7  pro  mille,  remains  fairly  constant  no  matter  whether  large 
amounts  are  ingested  or  none  at  all  is  given.  The  term  "isotonic" 
has-been  applied  to  a  salt  solution  which  is  just  strong  enough  to  pre- 
vent the  solvent  action  of  the  water  upon  the  hemoglobin  of  the  red 
corpuscles.  In  the  case  of  the  serum  we  meet  with  a  condition  of 
hyperisotonia — i,  e.,  an  amount  of  salt  in  excess  of  that  actually 
required  in  order  to  prevent  the  destruction  of  the  red  corpuscles. 

*  This  figure  is  too  high ;  in  man  it  varies  between  420  and  470  for  1000  parts  of 
blood. 
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Fat  occurs  in  amounts  varying  from  1  to  7  pro  mille  in  fasting 
animals,  while  following  the  ingestion  of  a  meal  rich  in  fats  as  much 
as  12.6  pro  mille  have  been  encountered. 

Soaps,  cholesterin,  and  lecithin  have  likewise  been  found. 

Glucose  is  a  normal  constituent  ot  the  plasma,  amounting  to 
from  1  to  1.5  pro  mille  in  man.  While  it  is  possible  to  increase  this 
amount  to  a  certain  degree  by  the  ingestion  of  large  quantities  of 
sugar,  this  appears  in  the  urine,  according  to  Claude  Bernard,  as 
soon  as  3  pro  mille  have  been  exceeded.  In  addition  to  glucose, 
another  reducing  substance  has  been  found  in  the  blood,  which  differs 
from  the  former  in  not  being  fermentable.  According  to  the  re- 
searches of  P.  Mayer,^  this  is  in  all  probability  a  glucuronic  acid 
compound.     Whether  jecorin  also  occurs  in  the  blood  is  doubtful. 

Among  the  extractives  which  have  been  found  there  may  be  men- 
tioned urea,  uric  acid,  kreatin,  carbamic  acid,  sarcolactic  acid,  gly- 
cogen, hippuric  acid,  and  under  pathological  conditions  xanthin, 
hypoxanthin,  paraxanthin,  adenin,  guanin,  leucin,  tyrosin,  lactic  acid, 
cellulose,  /9-oxybutyric  acid,  acetone,  and  biliary  constituents. 

It  has  been  pointed  out  that  the  color  of  the  blood  is  referable  to 
the  presence  of  hemoglobin  in  the  red  corpuscles,  and  that  it  varies 
from  a  bright  scarlet-red  in  the  arteries  to  a  dark  bluish-red  in  the 
veins,  the  exact  shade  depending  upon  the  amount  of  oxygen  present 
in  combination  with  hemoglobin  as  oxyhemoglobin.  Upon  chemical 
examination  two  other  gases  may  be  demonstrated  under  physiological 
conditions,  viz.,  carbon  dioxide  and  nitrogen.  Of  these,  the  latter 
appears  to  play  no  part  in  the  body  economy,  and  the  amount  present 
merely  corresponds  to  that  which  would  be  absorbed  by  an  equal 
volume  of  distilled  water,  viz.,  1.8  vol.  per  cent.,  calculated  at  0°  C. 
and  760  Hgmm.  pressure. 

The  amount  of  oxygen  and  carbon  dioxide,  on  the  other  hand, 
undergoes  considerable  variation,  depending  upon  the  particular 
bloodvessel  from  which  the  specimen  is  taken — i.  e.y  whether  this  be 
an  artery  or  a  vein,  and,  furthermore,  upon  the  velocity  of  the  blood 
current,  the  temperature  of  the  body,  rest,  exercise,  etc. 

The  relation  existing  between  the  amounts  of  these  gases  in  arteries 
and  veins  may  be  seen  from  the  following  table : 

Arterial  blood.  Venous  blood. 

Oxvgen 21.6  |)er  cent.  6.8  per  cent. 

Carbon  dioxide        .      .      .     40.3        "  48.0 

Nitrogen 1.8        "  1.8       *' 

Oxygen,  as  already  pointed  out,  occurs  principally  in  chemical 
combination  with  hemoglobin  (oxyhemoglobin),  only  0.26  per  cent, 
being  present  in  solution  in  the  plasma. 

*  Zeit.  f.  physiol.  Chem,,  vol.  xxxii,  p.  518. 
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Of  the  carbon  dioxide  which  may  be  obtained  from  the  blood, 
only  one-tenth  is  held  in  solution.  One-third  is  found  in  the  red 
corpuscles,  in  the  form  of  a  loose  compound  with  the  alkalies  of  the 
corpuscles,  and  possibly  also  in  combination  with  hemoglobin.  The 
remaining  portion  is  held  in  chemical  combination  by  the  alkalies  of 
the  plasma  and  albuminous  bodies. 

Coagulation. — If  blood  is  allowed  to  flow  into  a  vessel  and  set 
aside,  it  will  be  observed  at  the  expiration  of  a  few  minutes  that  the 
entire  mass  has  become  transformed  into  a  semisolid,  gelatinous 
material,  which  is  spoken  of  as  the  blood  clot  or  the  jjlacevia  sanguinis. 
Still  later  it  will  be  seen  that  a  small  amount  of  straw-colored  fluid 
appears  on  top  of  the  clot,  which  gradually  increases  in  amount,  while 
the  clot  itself  undergoes  shrinkage,  until  finally  it  floats,  greatly 
diminished  in  size,  in  the  surrounding  fluid.  The  straw-colored 
fluid  which  has  thus  been  obtained  during  the  process  of  coagulation 
is  spoken  of  as  the  hlood  serum. 

If  a  bit  of  the  clot  is  examined  microscopically,  it  will  be  seen  to 
consist  of  a  more  or  less  dense  network  of  fibers,  the  meshes  of  which 
are  filled  with  blood  corpuscles,  which  may  be  washed  out,  leaving 
the  fibrous  network,  fibrin,  behind. 

Chemically  speaking,  fibrin  belongs  to  the  class  of  the  so-called 
coagulated  albumins;  it  does  not  occur  in  the  circulating  blood,  but 
is  forflied  only  during  the  process  of  coagulation. 

Under  normal  conditions  blood  clots  in  from  two  to  six  minutes 
after  being  shed,  while  in  disease,  notably  in  hemophilia,  coagula- 
tion may  be  greatly  retarded  or  does  not  occur  at  all,  so  that  fatal 
hemorrhage  may  follow  the  infliction  of  trifling  wounds.  A  ten- 
dency to  hemorrhage  is  also  observed  in  scurvy,  purpura,  in  some 
infectious  diseases,  such  as  typhoid  fever  and  yellow  fever,  in  poison- 
ing with  phosphorus,*  etc.  Sicard*  has  pointed  out  that  in  purpura 
primary  coagulation  occurs  as  with  normal  blood,  but  that  sub- 
sequent retraction  of  the  clot  and  exudation  of  serum  take  place  to 
only  a  very  limited  extent.  Normal  serum  when  added  to  fluids, 
such  as  hydrocele  fluid,  which  are  not  spontaneously  coagulable, 
in  the  proportion  of  1  to  80,  induces  coagulation  in  from  four  to  six 
hours. 

The  serum  of  purpuric  patients,  on  the  other  hand,  is  either 
entirely  devoid  of  this  property  or  possesses  it  to  only  a  very  slight 
degree.  The  addition  of  a  trace  of  calcium  chloride,  however,  causes 
such  serum  to  behave  very  much  like  normal  serum.  Sicard  hence 
suggests  that  in  certain  cases  of  purpura  the  fibrin  ferment  or  its 
pro-enzyme  is  not  present  in  sufficient  quantity  to  cause  more  than  a 
primary  coagulation. 

*  Schmidt,  Pfliiger's  Archiv,  vol.  xi,  pp.  291  and  515.  Bojanus,  Inaiig  Diss., 
Dorpat,  1881. 

*  Compt.-rend.  Soc.  biolog.,  vol.  li,  p.  579. 
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Wngbt's  Ooftemlometer. — Wright's  coagulometer  may 
venicntly  employed  to  determine  the  rapidity  of  coagulation. 
instrument  is  shown  in  the  accompanying  ilhistration  (Fig  4), 
essential  parts  are  a  tin  water  can,  a  thermometer  registered  to  a 
50°  C,  and  a  set  of  glass  tubes  measuring  about  10  cm.  in  length  with 
a  lumen  of  0.25  mm.  and  marked  at  5  cm.  When  the  instrument  is 
to  be  used,  the  can  is  filled  with  water  having  a  temperature  about 
that  of  the  body.  The  tubes  are  covered  at  their  distal  ends  with 
little  rubber  caps  and  placed  in  their  respective  positions  in  the 
water  bath,  where  they  remain  until  they  have  acquired  a  similar 
temperature. 


They  an-  then  successively  filled  about  one-half  by  aspiratioiLV 
from  a  drop  of  blood  obtained  from  the  finger  or  the  lobe  of  the  e 
and  replaced  (properly  numbered)  tips  down  into  the  water  in  their^ 
proper  positions.  Careful  note  is  kept  of  the  exact  time  when  they  I 
are  filled.  When  a  series  of  six  or  eight  tubes  has  been  filled,  | 
tube  No.  1  is  withdrawn  from  the  water,  and  is  held  over  a  piece] 
of  white  filter  or  blotting  paper.  The  condition  of  the  coagulatioo''! 
IS  then  tested  by  blowing  into  the  tube,  the  time  of  testing  and  the  I 
result  being  noted  on  the  record. 
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1.  If  the  contents  cannot  be  blown  out,  an  entry  is  made  on  the 
record  that  coagulation  is  "complete." 

2.  If  the  contents  can  be  blown  out,  but  if  shreds  of  fibrin  are 
found  adhering  to  the  inside  of  the  tube  or  to  the  filter  paper,  coagula- 
tion is  recorded  as  "incomplete." 

3.  If,  lastly,  the  contents  can  be  blown  out  cleanly,  and  if  no  trace 
of  fibrin  is  seen  on  the  filter  paper,  a  note  is  made  that  coagulation 
has  not  yet  begun. 

In  the  first  case  the  second  tube  is  immediately  taken  in  hand 
and  is  tested  in  the  salne  manner  as  the  first.  If  this  is  found  clotted 
the  next  in  series  is  tested,  and  so  on,  until  a  tube  is  found  in  which 
coagulation  is  still  incomplete. 

In  the  second  case,  i.  e.,  in  the  case  where  coagulation  is  found  to 
be  still  incomplete,  a  slightly  longer  interval — reckoning  from  the 
time  at  which  the  second  tube  was  filled  in — is  allowed  to  elapse 
before  the  tube  next  in  series  is  tested. 

Lastly,  if  it  is  found  that  coagulation  has  not  yet  begun,  an  inter- 
val of  one  minute  or  more  is  allowed  to  elapse  before  testing  the  tube 
next  in  series. 

When  the  condition  of  the  blood  in  a  coagulation  tube  has  been 
once  tested,  the  tube  in  question  must  be  put  aside.  Even  if  it  has 
not  all  been  blown  out  of  the  tube,  its  rate  of  coagulation  will  have 
been  disturbed  by  the  movement. 

Under  normal  conditions  the  coagulation  time  with  these  tubes 
will  be  found  to  vary  between  three  and  five  minutes.  The  tempera- 
ture of  the  water  in  the  can  should  be  kept  uniform  during  the  exami- 
nation by  adding  hot  water  if  necessary. 

The  tubes  are  cleansed  by  removing  the  clots  with  a  fine  wire;  they 
are  then  washed  with  water,  with  alcohol,  and  finally  with  ether. 
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Hemoglobin  and  Oxyhemoglobin. — Hemoglobin  is  a  proteid 
which  is  composed  of  an  albuminous  radicle,  glcbin,  and  a  non-albu- 
minous pigment  radicle,  hemochromogen.  Upon  the  presence  of  the 
latter  depends  the  readiness  with  which  hemoglobin  forms  compounds 
with  certain  gases,  such  as  oxygen,  carbon  monoxide,  carbon  dioxide, 
nitric  oxide,  and  cyanogen.  Hemochromogen  in  combination  with 
oxygen  is  known  as  hematin.  Oxyhemoglobin  thus  differs  from 
hemoglobin  merely  in  the  fact  that  the  pigment  radicle  is  present  in 
combination  with  oxygen. 

By  itself  hemoglobin  is  largely  found  in  the  blood  of  asphyxia. 
Under  ordinary  conditions  it  is  principally  present  as  oxyhemoglobin; 
in  arterial  blood  this  preponderates,  while  in  venous  blood  a  mixture 
of  both  is  found. 
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On  spectroscopic  examination  hemoglobin  in  suitable  dilution 
shows  a  single  band  of  absorption  between  D  and  -B,  extending  slighdy 
beyond  D  to  the  left  (Fig.  5). 

Oxyhemoglobin  shows  two  bands  of  absorption  between  D  and 
E.  One  band,  a,  which  is  not  so  wide  as  the  second,  B,  but  darker 
and  more  sharply  defined,  borders  on  B;  the  second,  which  is  wider 
but  less  sharply  defined,  lies  at  E  (Fig  6).  This  spectrum  can  be 
readily  transformed  into  that  of  hemoglobin  by  the  addition  of  a  re- 
ducing agent,  such  as  ammoniacal  solution  of  ferrous  tartrate  (Stokes' 
fluid),  ammonium  sulphide,  or  cuprous  salts. 

Under  normal  conditions  the  amount  of  hemoglobin  is  fairly  con- 
stant, but  varies  somewhat  in  different  countries  with  the  habits  of 
the  people,  the  character  of  the  diet,  etc.  In  Germany,  as  the  result 
of  61  estimations,  Leichtenstem  found  14.16  per  cent,  by  weight  as 
the  average  in  healthy  men,  and  13.10  per  cent,  in  women. 
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Fio.  5.~Spectrum  of  reduced  hemoglobin,     (v.  Jaksch.) 
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Fio.  6.— Spectrum  of  oxyhemoglobin,     (v.  Jaksch.) 

Clinically  we  express  the  amount  of  hemoglobin  by  relative  figures 
as  compared  with  the  average  normal  percentage  by  weight;  on  this 
basis  the  scale  of  the  various  hemoglobinometers  is  constructed.  On 
these  instruments  the  figure  100  represents  the  average  normal  value; 
this,  however,  varies  somewhat  with  the  various  forms  of  hemo- 
globinometers according  to  the  average  percentage  by  weight  which 
has  been  taken  as  a  standard  in  establishing  the  100  mark.  With 
the  Gowers  instrument  Strauss  and  Rohnstein  obtained  figures  varying 
between  85  and  125  as  normal  values;  this  would  furnish  an  average 
of  105.  Schaumann  and  v.  Willebrandt  give  88  as  the  average 
normal.  With  the  v.  Fleischl  instrument  I  rarely  find  higher  values 
than  90  per  cent,  in  inhabitants  of  large  cities,  but  with  the  Dare 
apparatus  the  average  results  more  nearly  approach  the  100  mark. 

In  children  the  average  values  are  somewhat  lower  than  in  the 
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adult.  Stierlin  gives  79.7  per  cent,  for  boys  and  82.1  for  girls. 
Borchmann's  values  are  even  lower,  viz.,  55  and  80;  Gundobin  gives 
70  and  95. 

The  ingestion  of  large  amounts  of  water  does  not  cause  a  dilution 
of  the  blood  and  hence  a  diminution  of  the  amount  of  hemoglobin; 
but  relatively  higher  values  are  found  upon  the  withdrawal  of  liquids, 
owing  to  a  concentration  of  the  blood  as  a  whole.  Fat  persons  show 
smaller  values  than  correspond  to  their  age. 

Pftthological  Variations. — ^Abnormally  high  values,  hyperchroTnemia, 
viz.,  120  to  150  per  cent.,  occur  in  cases  of  chronic  enterogenous 
cyanosis,  and  may  also  be  observed  in  congenital  heart  disease. 
The  hyperchromemia  in  these  cases  is  associated  with  polyglobulism. 

A  pathological  decrease  is  spoken  of  as  oligochromemia,  and  is 
observed  in  all  forms  of  anemia  from  whatever  cause. 

The  lowest  values  are  found  in  chlorosis,  in  which  the  oligochrome- 
mia far  exceeds  the  oligocythemia,  viz.,  the  diminution  in  the  number 
of  the  red  cells.  In  an  analysis  of  94  cases  I  found  an  average  of 
42.5  per  cent.;  the  lowest  value  was  17.5  (Fleischl).  There  are 
instances  on  record  in  which  the  reading  was  still  lower. 

Very  low  figures  are  seen  in  splenic  anemia,  and  it  is  rare,  excepting 
in  chlorosis,  to  find  such  a  low  grade  of  chromemia  associated  with 
a  blood  count  which  is  normal  or  may  indeed  be  above  normal.  The 
average  of  13  estimations  given  by  Osier  was  47  per  cent. 

In  pernicious  anemia  the  oligocythemia  exceeds  the  oligochro- 
memia. The  loss  of  hemoglobin  is,  however,  also  quite  marked 
and  may  be  as  great  as  in  the  most  extreme  cases  of  chlorosis.  In 
the  series  of  23  cases  collected  by  Strauss  and  Rohnstein  the  average 
value  was  25  per  cent.  (Gk)wers) ;  in  9  cases  it  was  lower  than  20  per 
cent.    A.  Meyer  reports  a  bothriocephalus  case  with  only  10  per  cent. 

In  the  early  stages  of  leukemia  the  loss  of  hemoglobin  is  often  not 
especially  marked;  later  the  anemia  may  become  quite  intense,  but 
the  oligochromemia  is  not  necessarily  of  high  grade  even  in  well- 
developed  cases.  Ehrlich  cites  cases  in  which  the  Gowers  instrument 
gave  readings  of  from  60  to  70  per  cent.  On  the  other  hand,  there  are 
cases  in  which  the  oligochromtmia  is  an  early  feature  of  the  disease, 
and  in  one  instance  of  this  kind  I  obtained  a  reading  of  only  27  per 
cent  Cases  of  this  order  have  been  described  as  levkanemia.  The 
blood  picture  is  essentially  a  composite  of  leukemia  and  pernicious 
anemia. 

While  in  the  course  of  typhoid  fever  the  amount  of  hemoglobin  is 

always  reduced  (Osier),  and  usually  to  a  greater  extent  than  the 

number  of  the  red  corpuscles,  the   most   severe  grades  of  anemia 

may   be   encountered   during  convalescence,  when   the  amount  of 

*  hemoglobin  may  fall  to  20  per  cent. 

In  the  early  stages  of  carcinoma  of  the  stomach  the  cachexia  is  not 
well  pronounced.     Schule  states  that  in  his  analysis  of  198  cases  it 
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occurred  in  only  30  per  cent.  Later  the  loss  of  hemoglobin  is  quite 
marked ;  the  values  may  indeed  approach  those  seen  in  chlorosis  and 
pernicious  anemia. 

An  intense  grade  of  anemia  is  seen  in  generalized  septicemia,  and,  as 
Ewing  remarks,  no  form  of  the  acute  disease  appears  to  act  more 
violently  than  does  puerperal  or  uterine  sepsis.  A  diminution  in 
the  amount  of  hemoglobin  to  20  per  cent,  is  here  not  uncommon.  In 
the  chronic  cases  also  a  high  grade  of  oligochromemia  is  a  constant 
feature.  In  a  case  of  lumbar  abscess  of  six  months'  duration  I  found 
21  per  cent,  of  hemoglobin,  with  1,025,000  red  cells.  The  hemo- 
globin in  all  these  cases  diminishes  more  rapidly  than  the  number  of 
the  red  cells. 

In  pulmonary  tuberculosis  a  diminution  in  the  amount  of  hemo- 
globin is  seen  essentially  in  the  third  stage  of  the  disease  (40  to  45  per 
cent.),  while  previously  fairly  normal  values  are  obtained  (90  to  95 
per  cent.).  It  is  to  be  noted,  however,  that  a  certain  grade  of  anemia 
(69  per  cent.)  is  quite  commonly  observed,  even  in  the  first  stage,  in 
those  cases  in  which  the  disease  has  been  of  very  gradual  onset,  viz., 
in  patients  who  often  have  suffered  from  tuberculous  affections  (scrof- 
ula) since  childhood.  In  the  third  stage  the  anemia  is  well  marked 
(40  to  50  per  cent.). 

A  notable  diminution  in  the  amount  of  hemoglobin  is  observed  in 
chronic  nephritis,  chronic  enteritis,  in  chronic  lead  and  mercurial 
poisoning,  in  syphilis,  etc. 

In  syphilis  the  anemia  develops  at  a  time  when  the  entire  organism 
has  been  thoroughly  infected.  The  lowest  hemoglobin  values  are 
reached  just  before  or  coincidently  with  the  appearance  of  the  rash. 
In  the  secondary  stage  the  degree  of  oligochn)memia,  cceteris  paribus, 
may  be  regarded  as  a  fair  index  of  the  severity  of  the  infection.  In 
untreated  cases  the  hemoglobin  remains  low  for  several  days  or  even 
for  weeks.  A  gradual  rise  then  occurs  which  is  associated  with 
beginning  involution  of  the  exanthem.  In  uncomplicated  cases 
normal  values  may  subsequently  be  reached  even  without  treatment; 
a  fall  again  occurs  with  relapses.  Similar  changes  are  observed  in  the 
tertiary  stage.  Especially  interesting  are  the  observations  of  Justus 
on  the  blood  changes  which  occur  in  the  course  of  mercurial  treat- 
ment; Justus  ascertained  that  a  rapid  and  material  diminution  of 
the  hemoglobin  (10  to  20  per  cent.)  occurs  when  a  large  (medicinal) 
amount  of  mercury  is  introduced  at  one  time  into  the  body  of  the 
infected  individual.  This  decrease  is  only  observed  in  the  blood  of 
patients  with  florid  syphilis;  it  is  specific  and  does  not  occur  in  healthy 
nor  in  othen^ise  diseased  indi\iduals.  The  reaction  is  demonstrable 
in  every  form  of  syphilitic  infection  (secondary,  tertiary,  and  heredi- 
tary) as  soon  as  the  more  distant  lymph  glands  begin  to  swell.  It 
disappears,  or  is  at  least  no  longer  demonstrable,  with  beginning 
involution  of  the  symptoms. 
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The  practical  value  of  this  syphilitic  blood  test  has  not  yet  been 
definitely  established.  While  some  observers  have  expressed  them- 
selves against  its  value,  it  must  be  recognized  that  in  discussing  his 
adversaries'  criticisms  Justus  seems  to  have  maintained  the  upper 
hand. 

During  anesthesia  by  ether  the  amount  of  hemoglobin  is  always 
absolutely  reduced.  In  some  instances  there  is  an  apparent  increase, 
but  this  is  never  proportionate  to  the  rise  in  the  number  of  the  red 
cells  which  is  simultaneously  observed  (Da  Costa,  Kalteyer).  Owing 
to  the  hemocytolysis  which  thus  undoubtedly  takes  place  a  very  low 
percentage  of  hemoglobin  should  be  regarded  as  a  counterindication 
to  general  anesthesia.  A  lower  value  than  50  per  cent,  is  now  re- 
garded by  many  as  a  dangerous  figure. 

For  the  estimation  of  hemoglobin  see  p.  147. 

Literature. — 3trauss  u.  Rohnstein,  Die  Blutzusammensetzung  b.  d.  verschied- 
enen  Anffimien,  Hirschwald,  Berlin,  1901.  Appelbaum,  Beri.  kfin.  Woch.,  1901, 
vol.  xxxix,  p.  7.  Quincke,  "  Zur  Pathologic  d.  Blutes,"  Deutsch.  Arch,  f .  klin. 
Med.,  vols.  XXV  and  xxvii.  Leichtenstem,  Unters.  iiber  d.  Hemoglobingehalt  d. 
Blutes  im  gesunden  u.  kranken  Zustande,  Leipzig,  1878.  W.  Osier,  "  On  Splenic 
Anemia,"  Am.  Jour.  Med.  Sci.,  1902,  vol.  cxxiv,  p.  763.  Justus,  Virchow's  Archiv, 
vol.  cxl,  p.  1;  and  Deutsch.  Arch.  f.  klin.  Med.,  1902,  vol.  Ixxv,  p.  1. 

Hemoglobinemia. — ^The  term  hemoglobinemia  has  been  applied 
to  a  condition  in  which  the  hemoglobin  is  dissolved  out  from  the  red 
corpuscles,  and,  appearing  in  the  plasma  as  such,  leads  at  first  to  a 
very  decided  choluria  and  in  extreme  cases  to  hemoglobinuria. 

Various  poisons,  such  as  potassium  chlorate,  carbolic  acid,  pyro- 
gallic  acid,  naphtol,  arsenic,  antimony,  hydrochloric  acid,  sulphuric 
acid,  antifebrin,  antipyrin,  phenacetin,  sulphonal,  tincture  of  iodine, 
when  given  hypodermically,  or  even  internally  in  sufiiciently  large 
doses,  will  call  forth  a  hemoglobinemia  which  is  followed  by  hemo- 
globinuria. 

Fresh  morels  also  contain  a  poison  which  is  capable  of  producing 
an  intense  hemoglobinuria,  and  which  may  be  extracted  with  hot 
water. 

In  acute  and  chronic  infectious  diseases  of  a  severe  type,  such  as 
scarlatina,  typhoid  fever,  intermittent  fever,  icterus  gravis,  syphilis,  as 
also  in  diseases  depending  upon  a  hemorrhagic  diathesis,  such  as 
variola  hemorrhagica,  scurvy,  as  also  following  insolation,  extensive 
bums,  and  frostbite,  hemoglobinemia,  leading  to  hemoglobinuria,  is 
not  infrequently  observed.  The  same  has  been  noted  in  splenic 
anemia  and  in  Raynaud's  disease.  In  syphilis  a  moderate  grade  of 
hemoglobinemia  can  be  demonstrated  by  spectroscopic  examination 
of  the  serum  within  two  or  three  minutes  following  an  intravenous 
injection  of  mercuric  chloride  in  medicinal  doses.  (See  also  Justus' 
test.) 

An  epidemic  hemoglobinuria  of  the  newly  born  and  a  paroxysmal 
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or  intermittent  hemoglobinuria,  both  of  unknown  origin,  have  like- 
wise been  described. 

Hemoglobinemia  also  follows  the  infusion  of  blood  of  animals  of 
one  species  into  the  circulation  of  animals  of  a  different  species. 

In  some  cases,  and  particulariy  in  those  following  poisoning  with 
chlorates,  etc.,  the  hemoglobinemia  ultimately  leads  to  a  well-pro- 
nounced methemoglobinemia  (see  below). 

A  hemoglobinemia,  aside  from  the  urinary  examination,  may  be 
readily  recognized  by  a  spectroscopic  examination  of  the  serum,  when 
the  two  bands  of  absorption  of  oxyhemoglobin  will  be  observed. 

A  very  simple  method  which  may  be  employed  for  the  same  purpose 
is  the  following:  One-half  to  1  c.c.  of  blood  is  collected  in  a  small 
glass  tube,  drawn  out  and  sealed  at  one  end.  This  amount  can  be 
readily  obtained  by  puncturing  the  ear  and  milking  out  the  blood, 
which  is  transferred  to  the  tube  by  means  of  a  little  pipette.  After 
the  blood  has  clotted,  the  clot  is  separated  from  the  walls  by  means 
of  a  wire  or  a  glass  rod  and  the  corpuscles  packed  down  by  centri- 
fugation.  With  normal  serum  the  supernatant  fluid  presents  a 
straw-yellow  color,  while  in  hemoglobinemia  it  is  colored  a  more  or 
less  intense  red. 

If  the  supernatant  fluid  is  withdrawn,  diluted  with  a  little  water, 
•and  heated  to  70  to  80°  C,  the  coagulum  in  the  presence  of  hemoglobin 
will  present  a  brownish  color. 

Literature. — Ponfick,  Verhandl.  d.  Cong.  f.  inn.  Med.,  1883,  vol.  ii,  p.  205. 
Stadelraann,  Arch.  f.  exp.  Path.  u.  Pharmakol.,  1882,  vol.  xv,  p.  337,  and  1884, 
vol.  xvi,  pp.  118  and  221.  Afanassiew,  2>eit.  f.  kiin.  Med.,  1883,  vol.  \\j  p.  281. 
V.  Jaksch,  Verhandl.  d.  Cong.  f.  inn.  Med.,  1891,  vol.  x,  p.  353. 

Carbon  Monoxide  Hemoglobin. — In  cases  of  coal-gas  poisoning 
the  blood,  both  of  arteries  and  veins,  presents  a  bright  cherry-red 
color,  owing  to  the  presence  of  carbon  monoxide  hemoglobin. 

Such  blood,  when  properly  diluted,  like  oxj^hemoglobin,  shows  two 
bands  of  absorption  between  D  and  E  (Fig.  7),  which  are  nearer  the 
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Fia.  7. — Spectrum  of  carbon  monoxide  hemoglobin,     (v.  Jakach.) 

violet  end  of  the  spectrum,  however,  and  may  readily  be  distinguished 
from  those  referable  to  oxyhemoglobin  by  the  addition  of  a  reducing 
agent.  This  will  not  affect  the  spectrum  of  carbon  monoxide  hemo- 
globin, while  that  of  oxyhemoglobin  is  transformed  into  the  spectnim 
of  reduced  hemoglobin. 


THE  BLOOD  PIGMENTS  35 

For  medico-legal  purposes  a  number  of  additional  tests  have  been 
devised,  among  which  that  suggested  by  Hoppe-Seyler  is  one  of  the 
simplest  anj  at  the  same  time  most  reliable.  The  blood  is  treated 
with  double  its  volume  of  a  solution  of  sodium  hydrate  (sp.  gr.  1.3). 
Normal  blood  is  thus  changed  into  a  dirty-brownish  mass,  which 
exhibits  a  trace  of  green  when  spread  upon  a  porcelain  plate,  while 
carbon  monoxide  blood  yields  a  beautiful  red  under  the  same  con- 
ditions. 

Nitric  Oxide  Hemoglobin. — The  blood  in  cases  of  poisoning 
with  nitric  oxide,  owing  to  the  presence  of  nitric  oxide  hemoglobin, 
yields  a  spectrum  which  is  similar  to  that  of  carbon  monoxide  hemo- 
globin; the  bands,  however,  are  less  sharply  defined  and  paler  than 
those  of  the  latter,  and,  like  these,  do  not  disappear  on  the  addition 
of  a  reducing  substance. 

Sulphohemoglobin    (Methemoglobin  Sulphide).— In   cases   of 

poisoning  with  hydrogen  sulphide  no  definite  changes  can  be  dis- 
covered in  the  blood  upon  spectroscopic  examination,  although 
Hoppe-Seyler  has  shown  that  hemoglobin  may  enter  into  com- 
bination with  this  gas.  It  is  stated,  however,  that  in  such  cases  the 
blood  becomes  dark  and  of  a  dull-greenish  tint,  and  that  the  distinc- 
tion between  arterial  and  venous  blood  is  lost. 

A  remarkable  instance  of  sulphohemoglobinemia  has  been  de- 
scribed by  V.  d.  Berg,^  in  a  case  of  autotoxic  enterogenous  cyanosis. 
In  this  case  an  organism  producing  hydrogen  sulphide  was  isolated 
from  the  stools.  When  grown  in  a  solution  of  normal  oxyhemoglobin 
sulphohemoglobin  resulted. 

Carbon  Dioxide  Hemoglobin.— With  carbon  dioxide,  as  men- 
tioned above,  hemoglobin  is  also  thought  to  enter  into  combination, 
the  spectrum  being  similar  to  that  of  reduced  hemoglobin.  The 
latter,  in  fact,  is  formed  artificially  when  carbon  dioxide  is  passed 
through  a  solution  of  oxyhemoglobin.  If  this  process  is  carried 
farther,  the  hemoglobin  is  decomposed  and  globin  is  thrown  down; 
an  absorption  band  is  then  obtained  which  is  similar  to  that  result- 
ing when  hemoglobin  is  decomposed  with  acids  (see  below),  and  is 
no  doubt  referable  to  the  presence  of  free  hemochromogen. 

Of  the  blood  changes  occurring  in  cases  of  poisoning  with  hydro- 
cyanic add  and  acetylene  but  little  is  known,  and  the  reader  is  referred 
to  works  on  toxicology  for  their  consideration. 

Hematin. — If  oxyhemoglobin  in  aqueous  solution  is  heated  to  a 
temperature  of  from  60°  to  70°  C,  it  is  decomposed  into  globin  and 
hematin.  The  same  result  is  reached  by  treating  the  aqueous  solu- 
tion with  acids,  alkalies,  or  the  salts  of  various  heavy  metals. 

Hematin  is  an  amorphous,  blackish-brown,  or  bluish-black  sub- 
stance which  is  frequently  encountered  in  old  transudates,  in  the 

*  Arch.  f.  klin.  Med.,  1905,  vol.  Ixxxiii,  p.  86. 
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stools  after  hemorrhages,  and  after  meals  consisting  largely  of  red 
meats.  It  is  said  to  occur  in  the  urine  in  cases  of  poisoning  with 
arsenic,  and  in  the  blood  of  animals  poisoned  with  nitrobenzol  its 
presence  can  likewise  be  demonstrated  with  the  spectroscope. 
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Flo.  8.— Spectrum  of  hematin  in  alkaline  solution,     (v.  Jaksch.) 

In  acid  solution  it  shows  a  well-defined  spectral  band  between 
C  and  D  (Fig.  10).  Between  D  and  F  a  second  band  is  seen,  which 
is  much  wider  but  less  sharply  defined  than  the  first,  and  may  be 
resolved  into  two  bands  by  dilution,  one  between  6  and  F,  near  F, 
and  another  between  D  and  E,  near  E;  a  faint  fourth  band  may 
also  be  seen  between  D  and  E,  near  Z>.  As  a  rule  only  the  two 
bands  between  D  and  F  are  \isible. 
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FiQ.  9. — Spectrum  of  reduced  hematin.     (v.  Jaksch.) 

In  alkaline  solutions  it  shows  but  one  broad  band,  the  greater 
portion  of  which  lies  between  C  and  D,  extending  slightly  beyond 

If  an  alkaline  solution  of  hematin  is  treated  with  a  reducing  sub- 
stance, reduced  hematin  (hemochromogen)  results,  which  gives 
rise  to  two  absorption  bands  between  D  and  E  (Fig.  9). 

Hemin. — Hematin  readily  combines  with  one  molecule  of  hydro- 
chloric acid  to  form  hemin.  This  substance  crystallizes  in  light- 
brown  or  dark-brown  rhombic  plates  or  columns,  which  are  quite 
characteristic  (Plate  I).  They  bear  the  name  of  their  discoverer, 
Teichmann.  The  size  of  these  crvstals  varies  with  the  manner  in 
which  they  are  produced,  the  largest  specimens  being  met  with  when 
the  glacial  acetic  acid  (see  below)  is  allowed  to  evaporate  as  slowly 
as  possible.  Specimens  measuring  fn)m  15/^  to  18//  in  length  may 
then  be  seen.  Smaller  crystals  will  be  present  at  the  same  time, 
occurring  either  singly  or  in  the  form  of  stars,  rosettes,  and  crosses. 

As  these  crystals  may  be  obtained  from  mere  traces  of  blood,  their 
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formation  must  be  regarded  as  conclusive  evidence  in  medico-legal 
examinations.  Lewin  and  Rosenstein  have  pointed  out,  however, 
that  under  certain  conditions  a  negative  result  may  be  reached,  even 
if  the  coloring  matter  is  derived  from  the  blood.  This  is  the  case 
especially  when  the  hemoglobin  has  been  transformed  into  hemo- 
chromogen  or  hematoporphyrin,  or  when  substances  have  been 
mixed  with  the  blood  which  are  either  capable  of  altering  its  general 
composition  or  which,  through  their  mere  presence,  interfere  with  the 
reaction.  Such  substances  are  certain  salts  of  iron  (rust),  lead,  mer- 
cury, and  silver;  further,  lime,  animal  charcoal,  and  sand,  when  inti- 
mately mixed  with  the  blood.  In  medico-legal  cases  a  spectroscopic 
examination  should  hence  be  made  whenever  the  hemin  reaction  is 
not  obtained. 

Method. — A  small  drop  of  normal  salt  solution  is  carefully 
evaporated  on  a  slide,  when  a  few  particles  of  the  suspected  material, 
powdered  or  teased  as  finely  as  possible,  are  placed  on  the  delicate 
layer  of  crystallized  salt.  Glacial  acetic  acid  is  now  added  drop  by 
drop  and  the  specimen  carefully  heated  (three-quarters  to  one  minute) 
until  bubbles  begin  to  form.  While  evaporation  is  being  continued 
glacial  acetic  acid  is  further  added  until  a  light-brown  tint  appears. 
As  soon  as  this  point  is  reached,  the  last  traces  of  the  acid  are  allowed 
to  evaporate,  the  specimen  being  held  at  a  greater  distance  from  the 
fiame.  A  drop  of  glycerin  is  then  added  and  the  preparation  covered 
with  a  cover-glass.  The  examination  is  made  with  a  one-fifth  or 
a  one-sixth  objective.  Attention  is  especially  directed  to  brownish 
streaks  or  specks,  which,  in  the  presence  of  blood,  can  usually  be 
made  out  with  the  naked  eve. 

Methemoglobin. — Methemoglobin  is  a  pigment  closely  related  to 
oxyhemoglobin,  and  is  frequently  encountered  in  hemorrhiagic  transu- 
dates, cystic  fluids,  and  in  the  urine  in  cases  of  hematuria  and  hemo- 
globinuria.    In  the  circulating  blood  methemoglobin  is  found  after 
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Via.  10.— Spectrum  of  methemoglobiD  in  acid  aod  neutral  solutions,     (v.  Jaluch.) 


the  ingestion  of  large  quantities  of  potassium  chlorate,  notably  in 
children,  as  also  after  the  inhalation  of  nitrate  of  amyl,  the  use  of 
kairin,  thallin,  hydrochinon,  pyrocatechin,  iodine,  bromine,  turpen- 
tine, ether,  perosmic  acid,  permanganate  of  potassium,  and  antifebrin 
(see  Hemoglobinemia).  Most  remarkable  is  the  occurrence  of  met- 
hemoglobinemia in  cases  of  so-called  autotoxic  enterogenous  cyanosis, 
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as  reported  by  Stokvis  and  v.  d.  Berg.     In  one  case  the  latter  found 
sulphohemoglobin  in  the  place  of  methemoglobin. 

The  spectrum  of  an  aqueous  or  slightly  acidified  solution  of  met- 
hemoglobin (Fig.  10)  closely  resembles  that  of  an  acid  solution  of 
hematin,  but  differs  from  this  in  the  ease  with  which  it  is  transformed 
into  that  of  hemoglobin  when  an  alkali  and  a  reducing  substance  are 
added.  The  spectrum  of  hematin  under  the  same  conditions  is  trans- 
formed into  that  of  an  alkaline  solution  of  hemochromogen.  In 
alkaline  solutions,  on  the  other  hand,  two  bands  of  absorption  are 
observed,  which  are  similar  to  those  of  oxyhemoglobin,  but  differ 
from  these  in  the  fact  that  the  band  nearer  E,  6,  is  more  pronounced 
than  the  one  at  D,  a.  A  third,  but  veiy  faint,  band  may  further  be 
observed  between  C  and  D,  near  D. 

Hematoidin. — Small  amorphous  particles  of  an  orange  or  ruby- 
red  color,  or  crystals  belonging  to  the  rhombic  system,  occurring 
either  singly  or  in  groups,  are  frequently  met  with  in  the  sputum, 
the  urine,  and  the  feces,  as  well  as  in  old  extravasations  of  blood. 
They  were  discovered  by  Virchow,  who  applied  the  term  hematoidin 
to  this  particular  pigment,  the  hemic  origin  of  which  is  undoubted. 
It  is  supposedly  identical  with  bilirubin. 

Hematoporphyrin. — Hematoporphyrin  is  likewise  a  derivative  of 
hematin,  and,  according  to  Nencki  and  Sieber,  isomeric  with  biliru- 
bin.    In  dilute  solution  with  sodium  carbonate  it  shows  four  bands 
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Fig.  11. — Spectrum  of  hematoporphyrin  in  alkaline  solution. 


of  absorption,  one  between  C  and  Z);  a  second  one,  broader  than  the 
first,  about  D,  especially  marked  between  D  and  E;  a  third  one,  not 
so  broad  and  less  sharply  defined,  between  D  and  E,  and  a  fourth 
one,  broad  and  dark,  between  b  and  F  (Fig.  11). 

The  clinical  significance  of  this  body,  which  also  appears  in  the 
urine,  as  well  as  the  causes  which  give  rise  to  its  formation,  are 
unknown  (see  Hematoporphyrinuria) .  It  has  been  found  postmortem 
in  the  blood,  in  a  case  of  sulphonal  poisoning,  by  Taylor  and  Sailer.* 

'  A.  E.  Tavlor  and  J.  Sailer,  Contrib.  from  the  William  Pepper  Laboratory, 
Phila.,  1000,  p.  120. 
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In  considering  the  proteins  of  the  blood  from  a  clinical  point  of 
view,  it  is  necessary  to  distinguish  between  an  increase  and  a  dimi- 
nution in  their  normal  amount,  constituting  the  conditions  of  hyper- 
albuminosis  and  hypaUmminosu,  respectively.  As  may  be  expected, 
the  former  is  met  with  whenever  water  is  more  rapidly  withdrawn 
from  the  system  than  it  can  be  supplied,  and  is  hence  observed  in 
cases  of  cholera,  acute  diarrhea,  following  the  use  of  purgatives,  etc. 
This  increase  in  the  amount  of  proteins  is  only  a  relative  increase, 
however.  The  occurrence  of  an  absolute  increase  has  not  been 
satisfactorily  demonstrated.  An  absolute  hypalbuminosis,  on  the 
other  hand,  is  observed  following  a  direct  loss  of  proteins  from 
the  blood,  as  in  hemorrhage,  dysentery,  albuminuria  of  high  degree, 
the  formation  of  large  collections  of  pus,  etc.  This  is  generally 
associated  with  a  relative  increase  in  the  amount  of  water — i.  e.,  a 
hydremia — which  is  particularly  noticeable  after  hemorrhages,  and 
referable  to  a  diminished  secretion  and  excretion  of  water,  as  well 
as  to  a  direct  absorption  from  the  tissues.  Hypalbuminosis  has  also 
been  observed  in  pernicious  anemia,  and  is  dependent  partly  upon 
a  diminution  in  the  amount  of  the  albumins  of  the  serum  and  partly 
upon  a  decrease  in  the  weight  of  the  corpuscular  solids.  The  amount 
of  serum-albumin  is  about  normal,  while  the  globulins  are  much 
diminbhed.^ 

The  term  hyperinosis  has  been  applied  to  a  condition  in  which  the 
amount  of  fibrin  (normally  0.349  to  0.425  per  cent.)  is  increased. 
This  is  said  to  occur  in  various  inflammatory  diseases,  such  as  pneu- 
monia, pleurisy,  scarlatiha,  acute  articular  rheumatism,  and  ery- 
sipelas, while  a  diminished  amount  of  fibrin,  hypinosis,  or  normal 
values  are  seen  in  malaria,  nephritis,  pyemia,  pernicious  anemia, 
typhoid  fever,  and  leukemia  (both  lymphoid  and  myeloid). 

In  order  to  determine  the  amount  of  fibrin,  30  to  40  c.c.  of  blood, 
obtained  by  means  of  cupping  glasses  or  venesection,  are  placed  in  a 
previously  weighed  beaker,  fitted  with  an  India-rubber  cap,  through 
the  centre  of  which  passes  a  piece  of  whalebone,  firmly  fixed.  The 
blood  is  defibrinated  by  beating  with  the  whalebone,  when  the  beaker 
with  its  contents  is  weighed,  the  difference  indicating  the  weight  of  the 
blood.  The  beaker  is  then  filled  with  water  and  the  mixture  again 
beaten.  The  fibrin  is  allowed  to  settle  and  after  being  washed 
with  normal  salt  solution  collected  on  a  filter  of  known  weight. 
It  is  further  washed  with  normal  salt  solution  until  free  from  color- 
ing matter,  then  boiled  in  alcohol  to  dissolve  out  fat,  cholesterin, 
and  lecithin,  dried  at  110°  to  120°  C,  and  on  cooling  weighed  over 
sulphuric  acid. 

»  Erben.  Zeit.  f.  klin.  Med.,  1900,  vol.  xl,  p.  266. 
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Fairly  satisfactory  results  may  also  be  obtained  by  simply  making 
wet  mounts  (which  see),  ringing  with  vaselin  and  setting  aside  for 
several  hours,  when  they  are  examined  microscopically.  In  cases  of 
pneumonia  and  acute  articular  rheumatism  marked  fibrin  formation 
will  be  observed,  starting  from,  clumps  of  blood  platelets. 

The  presence  of  albumoses  and  peptone  bodies  in  the  blood  of 
leukemic .  (myeloid)  patients  has  been  repeatedly  observed  after  the 
blood  has  stood  for  some  time,  or  after  the  death  of  the  patient 
(v.  Jaksch.*  Matthes,'  Erben,'  Schumm*).  Their  formation  is  due 
to  the  liberation  of  a  proteolytic  ferment,  derived  from  the  polynuclear 
neutrophiles.  Schumm  also  found  leucin  and  tyrosin.  In  normal 
human  blood  Schumm  found  no  albumoses  after  death.  In  intersti- 
tial nephritis  a  fair  amount  could  be  demonstrated. 

Albumoses  have  also  been  found  in  a  case  of  abscess  of  the  brain, 
associated  with  albumosuria.  Freund^  claims  that  they  are  met  with 
in  sarcoma,  while  they  are  absent  in  carcinoma  (not  confirmed). 

Following  the  injection  of  nuclein  and  spermin  albumosemia 
appears  to  occur  quite  constantly  both  during  the  stage  of  hypo- 
as  well  as  hyperleukocytosis.  After  injections  of  pilocarpin  albumo- 
suria is  observed  only  in  association  with  hyperleukocytosis. 

In  order  to  test  for  albumoses,  the  coagulable  albumins  should  first 
be  removed,  when  a  positive  biuret  reaction  in  the  filtrate  will  indicate 
their  presence  (see  also  Salkowski's  test). 

Carbohydrates .  Sugar. — Sugar,  as  indicated  above,  is  a  normal  con- 
stituent of  the  blood,  its  quantity  varying  between  1  and  1.5  pro  mille. 
Under  pathological  conditions  this  amount  may  be  exceeded  and 
notably  so  in  diabetes,  in  which  Hoppe-Seyler  found  as  much  as  9  pro 
mille  in  a  given  case. 

In  addition  to  sugar,  a  non-fermentable  reducing  substance  has 
been  encountered  in  the  blood,  which,  according  to  Mayer,  appears 
to  be  a  compound  glucuronate.®  The  presence  of  jecorin  in  the 
blood  still  remains  to  be  proved. 

Large  quantities  of  a  reducing  substance,  the  greater  portion  of 
which  consisted  of  sugar,  have  been  met  with  by  Trinkler  in  carci- 
noma; it  was  obser\'ed  at  the  same  time  that  carcinoma  of  inter- 
nal organs  was  associated  with  far  greater  amounts  of  sugar  than 
cancerous  disease  of  the  skin  and  the  mucous  membranes.  It  is 
also  interesting  to  note  in  this  connection  that  an  increase  in  the 
degree  of  the  cachexia  was  not  accompanied  by  an  increase  in  the 
percentage  of  sugar. 

*  Zeit.  f.  phvsiol.  Chem.,  vol.  x\'i,  p.  243. 

*  Berlin.  kliVi.  Woch.,  1894,  Nos.  23  and  24. 
»  Zeit.  f.  Heilk.,   1903,  vol.  xxiv. 

*  Hofineister's  Beit.,  vol.  v,  p.  442. 

*  Frennd  u,  Obormayer,  Ztiit.  f.  phvsiol.  Chem.,  vol.  xv,  p.  310. 

*  Ibid.,  vol.  xxix,  p.  59. 
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Per  cent. 

Per  cent. 

0.1023 

0.3030 

0.0875 

0.1022 

0.0813 

0.1092 

0.0796 

0.0915 

0.0664 

0.0897 

0.0450 

0.0917 

0.0450 

0.0817 

0.0449 

0.0748 

0.0321 

0.0559 
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The  results  reached  by  Trinkler*  apparently  also  bear  out  the 
correctness  of  the  conclusions  formed  by  Freund,  who  claimed  that 
a  differential  diagnosis  between  carcinoma  and  sarcoma,  in  which 
latter  condition  no  increase  in  the  amount  of  sugar  was  noted,  can 
always  be  effected  upon  the  basis  of  an  examination  of  the  blood 
in  this  direction.     Further  examinations  in  this  direction  are  lacking. 

In  the  following  table  the  percentages  found  in  the  different  dis- 
eases investigated  are  given,  from  which  it  is  apparent  that,  next  to 
carcinoma,  the  largest  quantities  of  sugar  are  met  with  in  the  infec- 
tious diseases  and  the  lowest  figures  in  diseases  of  the  kidneys: 

Average. 
Per  cent. 

Carcinoma 0.1819 

Typhoid  fever 0.0950 

Pneumonia 0.0943 

Dysentery 0.0838 

Heart  disease 0.0737 

Peritonitis 0.0701 

Tuberculosis 0.0653 

S^'philis 0.0553 

Nephritis  and  uremia     ....  0.0489 

In  order  to  demonstrate  sugar  in  the  blood,  15  to  30  grams,  ob- 
tained by  venesection  or  cupping  glasses,  are  placed  in  an  evapo- 
rating dish  and  treated  with  an  equal  weight  of  finely  powdered 
sodium  sulphate  and  a  few  drops  of  acetic  acid.  The  mixture  is 
brought  to  the  boiling  point  and  passed  through  a  muslin  filter  as 
soon  as  the  coagulum  has  become  black  and  spongy,  water  havii^g 
previously  been  added  to  the  original  volume.  The  filtrate  is  passed 
through  Swedish  paper.  In  the  final  filtrate  the  sugar  is  then  esti- 
mated as  described  elsewhere  (see  Urine). 

Cavazzani  has  drawn  attention  to  another  method  of  freeing  the 
blood  from  proteids,  which  is  said  to  be  entirely  satisfactory.  To 
this  end,  20  to  30  c.c.  of  blood  are  added  to  200  c.c.  of  distilled 
water  in  a  porcelain  dish  and  treated  with  5  or  6  drops  of  a  solution 
consisting  of  10  parts  of  acetic  acid  (sp.  gr.  1.040)  and  1  part  of 
lactic  acid.  The  mixture  is  boiled  for  eight  to  ten  minutes,  filtered, 
and  the  coagulum  washed  repeatedly  with  hot  water  and  finally  pressed 
out  in  a  piece  of  muslin.  The  resulting  filtrates,  which  are  prac- 
tically colorless,  are  then  concentrated  to  a  small  volume,  and  any 
traces  of  albumin,  which  may  still  separate  out,  filtered  off.  If  an 
excess  of  the  acid  solution  has  been  added,  it  may  happen  that  the 
mixture  does  not  clear  up  on  boiling.  It  is  then  only  necessary  to 
add  a  few  crystals  of  sodium  carbonate,  when  coagulation  will  occur 
at  once.  On  the  other  hand,  it  may  at  times  be  necessary  to  add  a 
few  more  drops  of  the  acetic  acid  solution. 

*  Centralbl.  f.  d.  med.  Wiss.,  1890,  p.  498.      Freund  u.  Obermayer,  loc.  cit. 
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Williamson's  Diabetic  Blood  Test. — ^This  test  is  of  much  interest, 
and  may  possibly  serve  to  diflFerentiate  the  ordinary  fonns  of  diabetes 
from  that  in  which  the  blood  sugar  is  not  increased.  It  is  based 
upon  the  observation  that  a  wann  alkaline  solution  of  methylene 
blue  is  decolorized  by  grape  sugar.  A  positive  result  may  at  times 
be  obtained  when  the  sugar  has  temporarily  disappeared  from  the 
urine.* 

Method. — ^Twenty  cbmm.  of  blood,  obtained  from  the  finger  or 
the  ear,  are  carefully  measured  off  with  the  aid  of  the  capillary  pipette, 
which  accompanies  Gower's  hemocytometer,  and  mixed  in  a  test- 
tube  of  smalt  caliber  with  40  cbmm.  of  distilled  water.  To  this 
mixture  1  c.c.  of  an  aqueous  solution  of  methylene  blue  f  1  to  6000) 
and  40  cbnmi.  of  a  6  per  cent,  aqueous  solution  of  potassium  hydrate 
are  added.  A  control  tube  is  similarly  charged  with  non-diabetic 
blood.  The  two  specimens  are  placed  in  boiling  water  and  allowed 
to  remain  for  three  to  four  minutes,  without  shaking.  At  the  end 
of  this  time  it  will  be  seen  that  the  diabetic  blood  has  decolorized 
the  methylene-blue  solution,  which  has  turned  a  dirty  yellowish 
green  or  yellow,  while  the  non-diabetic  specimen  has  retained  its 
original  color. 

The  quantity  of  blood  used  should  not  exceed  the  amount  indi- 
cated, as  a  decolorization  of  the  methylene  blue  also  results  with 
non-diabetic  blood  if  large  amounts,  such  as  60  cbnmi.,  are  em- 
ployed. 

The  reaction  is  supposedly  due  to  an  increase  of  glucose  in  the 
blood,  and  was  obtained  in  all  of  forty-three  cases  of  diabetes  which 
were  examined.  It  is  said  to  be  obtainable  for  a  considerable  time 
after  death.  Adler^  found  the  reaction  in  all  of  nine  cases  of  dia- 
betes, while  in  one  hundred  and  twenty-one  non-diabetic  cases  nega- 
\  tivjs  results  were  reached.  Very  curiously,  it  was  absent  in  non- 
diabetic  glycosurias.  Adler  believes  the  reaction  to  be  referable  to 
a  diminished  alkalinity  of  the  blood. 

Glycogen. — ^There  appears  to  be  no  doubt  that  glycogen  normally 
occurs  in  the  blood  of  various  animals.  Huppert'  succeeded  in 
demonstrating  its' presence  in  all  animals  examined,  the  amount  vary- 
ing between  0.114  and  1.560  grams  for  100  parts  of  blood  (see 
lodophilia). 

Gellulose. — Cellulose  has  been  found  in  the  blood  of  tuberculous 
patients. 

Urea. — Urea  occurs  normally  in  the  blood  in  traces — 0.016  to 
0.020  per  cent.  Larger  amounts  arc  encountered  whenever,  as 
in  nephritis,  various  diseases  of  the  urinary  organs,  cholera  Asiatica, 
cholera  infantum,  eclampsia,  etc.,  its  elimination  is  impeded,  or  when- 

^  R.  T.  Williamson,  Centralbl.  f.  inn.  Med.,  vol.  xviii,  No.  33. 

»  Zeit.  f.  HeUk.,  1900,  vol.  xxi,  No.  11. 

*  Zeit.  f.  physiol.  Chem.,  1893,  vol.  xv4ii,  p.  144. 
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ever,  as  in  fever,  owing  to  increased  albuminous  decomposition, 
urea  is  formed  in  abnormally  large  quantities. 

It  is  interesting  to  note  that  a  smailler  amount  of  urea  is  found  in 
fatal  cases  of  eclampsia  than  in  those  ending  in  recovery,  which  has 
been  explained  by  the  assumption  that  in  this  condition  the  functional 
activity,  not  only  of  the  kidneys,  but  also  of  the  liver,  is  lost. 

The  methods  which  are  available  for  the  detection  of  urea  in  the 
blood  are  still  too  complicated  for  clinical  purposes,  and  the  value 
of  the  information  derived  so  small  as  hardly  to  warrant  the  labor 
involved.  Hoppe-Seyler's  method  should  be  employed  whenever  an 
examination  in  this  direction  is  deemed  advisable.* 

Uremia. — ^Formerly,  it  was  thought  that  the  complex  of  symp- 
toms generally  spoken  of  as  uremia  was  referable  to  the  retention 
in  the  blood  of  urea  or  ammonium  carbonate.  This  view  has  since 
been  disproved,  although  it  must  be  admitted  that  in  uremia  an 
increased  amount  of  urea  is  frequently  noted.  Other  views,  accord- 
ing to  which  uremia  is  referable  to  an  accumulation  of  potassium 
salts,  of  extractives,  and  especially  of  kreatinin,  or  of  ptomains  in 
the  blood,  must  be  regarded  as  being  sub  jvdiee.  There  is  no  reason, 
however,  to  ascribe  the  uremic  condition  to  the  retention  in  the  blood 
of  one  particular  constituent  of  the  urine,  and  it  is  not  improbable 
that  a  retention  of  all  may  be  responsible  for  the  symptoms  observed. 

Literature. — Feltz  and  Ritter,  De  ruremie  exper.,  Paris,  1881.  Astaschewsky, 
St.  Petersburg  med.  Woch.,  1881,  No.  27.  Boucnard,  Leyons  sur  I'autointoxica- 
tion,  Paris,  1887.     Rovighi,  Ri vista  ciinica,  1886. 

Amxnonia. — Normal  venous  blood,  according  to  the  researches 
of  Winterberg,  contains  about  1  mgrm.  of  ammonia  for  each  100  c.c. 
In  febrile  conditions  variable  results  are  obtained,  but  it  appears 
certain  that  a  definite  relation  between  the  height  of  the  fever  and  the 
amount  of  ammonia  does  not  exist.  In  chronic  hepatic  diseases, 
and  notably  in  cirrhosis,  it  is  not  increased.  .Acute  yellow  atrophy 
also  is  not  necessarily  associated  with  an  increase.  Very  significant 
is  the  observation  that  in  uremia  following  extirpation  of  the  kid- 
neys no  increase  is  observed.  An  ammoniemia  in  the  sense  of  v. 
J^csch  can  hence  scarcely  be  said  to  exist. 

Literature. — Nencki,  Pawlow,  and  Zaleski,  Arch.  f.  exp.  Path.  u.  Pharmakol., 
1896,  vol.  xxxvii,  p.  26.     Winterberg,  Wien.  klin.  Woch.,  1897,  p.  330. 


Uric  Acid  and  the  Xanthin  Bases.  Uric  Acid.— Formerly,  the 
presence  of  appreciable  amounts  of  uric  acid  in  the  blood  was  regarded 
as  pathognomonic  of  gout.     But  we  now  know  that  a  lithemic  con- 

'  See  Hoppe-Seyler,  Handbuch  der  physiologisch  und  pathologisch-chemischen 
Analyse. 
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dition  may  occur  also  in  other  diseases.    Traces  of  uric  acid  are  indeed 
encountered  under  normal  conditions. 

A  definite  lithemia  has  been  observed  in  a  variety  of  disorders, 
such  as  pneumonia,  acute  and  chronic  nephritis,  leukemia,  conditions 
associated  with  an  insufficient  aeration  of  the  blood,  as  in  the  various 
diseases  of  the  heart,  in  pleurisy  with  exudation,  emphysema  when 
accompanied  by  cyanosis,  the  severer  forms  of  anemia,  etc.  v.  Jaksch 
claims  to  have  found  uric  acid  in  the  blood  in  88.88  per  cent,  of  his 
cases  of  nephritis.  Fever  in  itself  does  not  appear  to  lead  to  an 
increased  production  of  uric  acid,  as  negative  results  were  obtained 
in  nine  cases  of  typhoid  fever  out  of  eleven,  in  five  cases  of  acute 
articular  rheumatism  out  of  six,  etc. 

The  assumption  that  acute  attacks  of  gout  are  referable  to  increased 
alkalinity  of  the  blood,  and  a  consequent  increase  in  the  amount 
of  circulating  uric  acid,  has  been  disproved. 

In  order  to  estimate  the  amount  of  uric  acid  in  the  blood,  the  fol- 
lowing method  may  be  employed:  100  c.c.  of  blood,  obtained  by  means 
of  venesection  or  of  cupping  glasses,  are  at  once  diluted  with  three  or 
four  times  their  volume  of  water  and  heated  on  a  water  bath.  As 
soon  as  coagulation  sets  in,  a  few  drops  of  a  0.3  to  0.5  per  cent, 
solution  of  acetic  acid  are  added  until  a  feebly  acid  reaction  is  obtained. 
After  having  been  kept  upon  the  boiling  water  bath  for  from  fifteen 
to  twenty  minutes  longer,  until  the  albumin  has  separated  out  and 
settled  in  brownish  fiakcs,  the  mixture  is  filtered  while  hot,  and 
the  precipitate  washed  repeatedly  with  hot  water.  Filtrate  and 
washings,  which  usually  present  a  slightly  yellow  or  brownish  color, 
are  again  brought  to  the  boiling  point  after  the  addition  of  0.3  to 
0.5  per  cent,  of  acetic  acid,  decanted,  filtered,  and  after  the  addition 
of  a  small  amount  of  disodic  phosphate  further  treated  according 
to  FoHn's  method  (see  Urine). 

Literature. — Picard,  Virchow's  Archiv.  vol.  ii,  p.  189.  Garrod,  Med.-Chir. 
Trans.,  1854,  p.  49.  Salomon,  Zeit.  f.  physiol.  Chem.,  vol.  ii,  p.  65;  and  Charity 
Annalen,  1880,  vol.  v,  p.  137.  Klemperer,  Deutsch.  med.  Woch.,  1895,  No.  40. 
Weintraud,  ibid.,  V.  B.  p.  185. 

Xanthin  Bases. — ^Xanthin  bases  do  not  occur  in  normal  blood  or 
are  present  only  in  exceedingly  small  amounts.  Under  pathological 
conditions  they  may  be  encountered  in  recognizable  quantities, 
so  in  leukemia,  typhoid  fever,  lymphatic  tuberculosis,  emphysema, 
phthisis  pulmonalis,  pleurisy,  and  chronic  nephritis. 

To  demonstrate  the  xanthin  bases  in  the  blood  the  albumins  are 
first  removed  as  just  described  (see  Uric  Acid)  and  the  filtrate  then 
examined  according  to  Salkowski's  method  (see  Urine). 


Literature. — A.  Kossel,  Zeit.  f.  physiol.  Chem.,  1882,  vol.  vii,  p.  22.     Scherer, 
Verhandl.  d.  physik.  med.  Ges.  z.  ^\  iirzburg,  1852,  vol.  ii,  p.  325. 
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7at  ftnd  Fatty  Adda. — Engelhardt  has  pointed  out  that  the  amount 
of  fat  which  is  contained  in  normal  human  hlood  may  be  subject  to 
considerable  variations,  and  gives  0.194  per  cent,  as  the  average. 
"^The  lowest  figure  which  he  obtained  was  0.101  and  the  highest 
0.273  per  cent.  These  figures  differ  veiy  materially  from  those  of 
older  observers,  who  have  found  from  0,73  to  1,4  per  cent.,  but  it 
is  quite  likely  that  Engelhardt's  method  is  responsible  for  these 
differences,  and  is  probably  more  reliable  (see  below).  Unfortunately 
only  a  few  analyses  of  pathological  material  have  been  made  with 
this  method,  and  these  have  reference  only  to  the  blood  of  cachectic 


individuab.  An  increase  in  the  amount  of  fat  has  here  not  been 
d«nonstrated,  the  results  vaiying  between  0.112  and  0.284  per  cent, 
with  0.174  as  an  average.  The  cachexias  in  question  were  of  tuber- 
culous and  carcinomatous  origin.  With  the  older  methods  an  increase 
in  the  amount  of  fat,  aside  from  that  observed  after  the  ingestion 
of  large  amounts  of  fatty  food,  has  been  met  with  in  cases  of  obesity, 
ohtonic  alcoholism,  in  phosphorus  poisoning,  in  injuries  affecting 
the  long  bones  and  the  spinal  cord,  in  various  hepatic  diseases,  chronic 
nephritis,  tuberculosis,  malaria,  cholera,  during  starvation,  pregnancy, 
in  nursing  infants,  etc.  'ITie  greatest  increase,  however,  is  observed 
in  certain  cases  of  severe  diabetes,  in  which  amounts  varying  between 
1.27G  and  18.12  per  cent,  have  been  encountered,  and  in  which  the 
fat  may  be  visible  with  the  naked  eye  (see  below).  In  such  cases 
fat  emboli  may  be  found  postmortem,  phigging  the  vessels  of  various 
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organs,  and  notably  the  brain,  the  lungs,  and  the  kidneys.  This 
increase  in  the  amount  of  fat  constitutes  the  condition  spoken  of  as 
lipemia. 

The  term  lipacidemia  has  been  applied  to  the  occurrence  of  fatty 
acids  in  the  blood.  This  has  been  noted  in  various  febrile  diseases, 
leukemia,  and  especially  in  grave  cases  of  diabetes,  where  beta- 
oxybutyric  acid  may  be  found  in  large  amounts,  and  is  no  doubt 
directly  concerned  in  the  production  of  coma. 

To  demonstrate  the  presence  of  fat  in  the  blood,  it  is  best  to  pre- 
pare cover-glass  specimens,  and  to  mount  these  in  a  drop  of  a  5  per 
cent,  solution  of  osmic  acid.  The  fat  droplets  are  uius  colored 
black,  and  appear  about  as  large  as  the  finest  fat  granules  which  are 
found  in  milk  or  butter.  They  may  also  be  stained  with  Sudan  III, 
or  Biebrich  scarlet,  and  are  thus  colored  red.  In  every  case  the 
necessary  instruments  and  glasses  should  be  carefully  cleansed  with 
ether,  so  as  to  avoid  the  accidental  introduction  of  fat. 

As  a  quantitative  estimation  of  the  fat  is  not  always  possible, 
I^andy  recommends  the  following  simple  procedure  to  demonstrate 
the  presence  of  an  excess  of  fat:  A  small  drop  of  blood  is  received 
upon  a  cover-glass,  which  is  then  adjusted  over  the  depression  of  a 
cupped  slide  and  ringed  with  vaselin.  On  standing,  the  serum 
separates  out  concentrically  or  excentrically  from  the  small  blood 
clot,  and  normally  or  in  the  presence  of  no  excess  of  fat  appears 
perfectly  clear.  If,  however,  much  fat  is  present,  it  becomes  cloudy 
after  several  minutes  or  hours,  and  then  appears  bluish-white,  gray- 
ish-white, or  even  milky-white.  To  ascertain  positively  that  the 
turbidity  is  due  to  fat,  a  microscopic  examination  of  the  hanging 
drop  is  made  within  a  few  hours  following  the  preparation  of  the 
specimen,  so  as  to  exclude  fibrin  as  the  possible  cause  of  such  tur- 
bidity. 

Qaantitative  Estimation. — ^The  apparatus  which  is  best  used  is 
a  modification  of  that  of  Nerking,  as  suggested  by  Engelhardt.* 
As  seen  from  Fig.  13,  it  consists  of  the  ether  flask  A,  which  is  placed 
on  a  permanent  water  bath,  such  as  that  of  Miinke.  a  represents 
the  escape  tube  for  the  ether  vapor;  at  h  there  is  a  closure  by  means 
of  mercury,  the  upper  escape  tube  c  dipping  into  the  mercury  over 
the  mouth  of  6.  -o  is  the  cooler  for  the  ether  vapor;  C,  the  water 
condenser.  The  cooled  ether  falls  through  the  cooler  into  d.  This 
ends  below  with  a  funnel-shaped  mouth,  close  to  the  bottom  of  the 
extraction  flask  £,  with  five  apertures,  and  has  a  small  open  side 
tube,  /,  which  counteracts  any  negative  pressure  that  may  occur 
above  the  liquid  in  the  extraction  flask.  The  fluid  to  be  extracted 
extends  to  within  1  to  2  cm.  from  the  aperture  of  the  oflF-flow  tube  i. 
When  the  ether  layer  extends  to  the  level  with  k  the  tube  i  acts  as  a 

*  The  apparatus  may  be  procured  from  Amo  Haak,  Jena.     Price,  12  marks. 
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siphon  and  draws  off  the  fatty  ether  into  A  again  by  way  of  the  tube 
I,  which  is  likewise  provided  with  a  meroiTy  stop. 

The  blood,  about  10  c.c,  is  received  in  a  graduate  and  weighed. 
It  is  washed  into  the  extraction  flask  with  about  ten  times  its  volume 
of  2  per  cent,  hydrochloric  acid  and  boiled  for  three  hours  (with 
inverted  condenser).  On  cooling,  the  material  b  extracted  in  the  appa^ 
ratus  described  for  about  forty-eight  hours.  At  the  expiration  of 
this  time  the  fatty  ether  in  A  is  poured  into  a  separating  funnel 
together  with  the  ethereal  washings, 
which  are  used  to  remove  all  the 
material  from  the  Sask,  the  idea 
being  to  get  rid  of  any  water  or  bits 
of  the  bloody  material  that  may  by 
chance  have  been  siphoned  into  A. 
The  ether  is  then  evaporated  in  an 
open  glass  dish.  The  residue  b  dis- 
solved in  absolute  ether  and  Altered 
through  a  double  folded  filter  (so  as 
to  absorb  any  traces  of  water  remain- 
ing) into  a  beaker,  when  the  ether  b 
all6wed  to  evaporate.  The  residue  is 
placed  in  a  drying  oven  at  40°  C.  for 
one  hour,  and  after  remaining  in  the 
vacuum  over  sulphuric  acid  for  twelve 
houts  it  is  weighed. 

With  this  method  lecithins,  choles- 
terins,  and  fatty  acids  are  obtained 
conjointly  with  the  fat,  which  Engel- 
hardt  does  not  regard  as  objectionable, 
as  they  are  present  only  in  traces  and 
may  be  regarded  as  physiologically 
equivalent  to  neutral  fat. 

Eitimation  of  Fatt;  Acids. — This  is 
carriedout  along  the  same  lines  as  des- 
cribed in  the  Urine  (Lipaciduria),  after 
removal  of  the  coagulable  albumins.  At 
least  20  to  30  c.c.  should  be  available. 

Cholestetin. — ^Traces  of  cholesterin 
are  normally  met  with   in  the  blood.     Larger  amounts  have  been 
observed  in  diabetes  (0.478  per  cent.)  in  association  with  marked 
lipemia.^ 

Hale  ^Vhite*  reports  a  case  in  which  microscopic  examination  showed 
a  granular  precipitate,  which  did  not  stain  with  osmic  acid.     Chemi- 
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cal  examination  led  to  the  conclusion  that  the  substance  was  an  ester 
of  cholesterin  with  one  or  more  of  the  higher  fatty  acids. 

Literature. — M.  Bonninger,  "  On  the  Methods  for  the  Estimation  of  Fat  in  the 
Blood,  and  the  Amount  of  Fat  in  Human  Blood,"  Zeit.  f.  klin.  Med.,  vol.  xlii, 
parts  i  and  ii.  T.  B.  Futcher,  ''Lipemia  in  Diabetes  Mellitus,"  Jour.  Am.  Med. 
Assoc,  1899,  p.  1006.  S.  Watjoflf,  '*  Ueber  d.  Fettgehalt  d.  Blutes  b.  Nierenkrank- 
heiten,"  Deutsch.  med.  Woch.,  1897,  p.  559.  v.  Jaksch,  "  Lipacid»mie,"  Zeit.  f. 
klin.  Med.,  vol.  xi.  W.  Ebstein,  '•  Beitrag  z.  Lehre  v.  d.  Lipemie  u.  d.  Fettembolie," 
etc.,  Virchow*8  Archiv,  1899,  vol.  civ,  p.  571.  M.  Engelhardt,  Deutsch.  Arch.  f. 
klin.  Med.,  1901,  vol  Ixx,  p.  182.     Zandy,  ibid.,  vol.  Ixx,  p.  301. 

Lactic  Acid. — ^There  appears  to  be  some  doubt  whether  or  not 
lactic  acid  nonnally  occurs  m  the  blood  of  man  during  life.  In  the 
blood  of  dogs,  Gaglio,  could  always  demonstrate  the  presence  of  the 
acid  during  the  process  of  digestion,  after  feeding  with  meat.  The 
amount  varied  between  0.3  and  0.5  pro  mille.  During  starvation 
smaller  amounts  were  found,  but  it  never  disappeared  altogether. 
In  one  instance  Gaglio  obtained  0.17  pro  mille  after  fasting  for 
forty-eight  hours.  Similar  results  were  obtained  by  Irisawa,  who 
noted  that  the  amount  of  lactic  acid  in  the  blood  stood  in  direct 
relation  to  the  degree  of  anemia  which  was  produced. 

In  the  human  being  Irisawa  found  lactic  acid  fairly  constantly 
after  death,  the  amount,  determined  as  zinc  lactate,  varying  between 
0.233  and  6.575  pro  mille.  These  extensive  variations  he  was  unable 
to  explain  by  the  character  of  the  disease  causing  the  fatal  termina- 
tion, and  it  is  possible  that  the  cause  lies  in  the  fact  that  in  some 
cases  the  blood  was  obtained  shortly  after  death,  while  in  others 
many  hours  had  elapsed,  as  Irisawa  himself  suggests. 

The  following  method  may  be  employed:  100  to  300  c.c.  of  blood 
are  extracted  with  three  times  its  volume  of  alcohol,  filtered,  and 
the  filtrate  evaporated  to  a  syrupy  consistence.  This  is  then  made 
strongly  alkaline  with  barium  hydrate  and  shaken  with  large  quan- 
tities of  ether,  in  order  to  remove  the  fats  which  are  present.  The 
residue  is  acidified  with  phosphoric  acid  and  again  shaken  with  ether 
for  twenty  minutes  at  a  time,  until  the  process  has  been  repeated 
five  or  six  times,  the  lactic  acid  passing  over  into  the  ether.  The 
ether  is  distilled  off  from  the  extract,  the  residue  taken  up  with 
water,  and  the  solution  carefully  evaporated  in  order  to  drive  off  any 
ether  still  remaining,  as  well  as  the  fatty  acids.  Carbonate  of  zinc 
is  now  added  and  the  solution  heated  to  100°  C.  and  filtered.  The 
filtrate  is  evaporated  on  a  water  bath  until  cn'stallization  begins, 
when  it  is  allowed  to  cool  and  treated  with  a  few  drops  of  absolute 
alcohol,  in  order  to  effect  a  complete  separation  of  the  lactate  of  zinc. 
The  solution  is  allowed  to  stand  exposed  to  the  air  until  a  constant 
weight  is  obtained. 

LiTKRATURE. — G.  Gaglio,  **  Die  Milchsiiure  d.  Blutes,"  Du  I^ois  Archiv.,  1886, 
p.  400,  T.  Irisiiwa,  "  Teber  d.  Milchsiiure  im  Blut  und  Ham,''  Zeit.  f.  phvsiol. 
Chem.,   181)2,   vol.  xvii,  p.  349. 
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Homogentisinic  Acid. — Homogentisinic  ax^id  has  been  demon- 
strated in  the  blood  serum  of  an  alkaptonuric,  by  Abderhalden  and 
Falta.* 

Biliary  Constituents  and  Urobilin. — Bile  pigment  does  not  occur 
in  the  blood  under  normal  conditions,  but  may  be  demonstrated 
whenever  it  is  present  in  the  urine  (obstructive  jaundice,  hepatic 
cirrhosis,  acute  yellow  atrophy,  phosphorus  poisoning,  etc.).  It 
appears,  moreover,  that  bilirubin  is  present  in  the  blood  in  nearly 
every  case  where  urobilin  is  found  in  the  urine.  In  pernicious 
anemia  bilirubinemia  is  thus  quite  constantly  associated  with  uro- 
bilinuria.  At  the  same  time  urobilin  can  usually  be  demonstrated 
in  the  blood. 

In  chlorosis  bile  pigment  does  not  occur  in  the  blood. 

The  demonstration  of  bilirubinemia  constitutes  the  most  delicate 
test  for  the  entrance  of  bile  into  the  blood  and  lymph;  it  is  a  much 
more  delicate  indication  than  the  occurrence  of  bilirubinuria. 

Bilirubin  can  be  demonstrated  in  the  blood  most  readily  in  the  fol- 
lo^dng  manner:  A  short  piece  of  glass  tubing  is  drawn  out  so  as  to 
form  a  tapering  lower  end,  which  is  then  sealed.  By  means  of  a  pi- 
pette 10  to  15  drops  of  blood,  obtained  by  free  puncture  of  the  finger 
or  ear,  are  transferred  to  the  first  tube  and  the  serum  separated  from 
the  corpuscles  by  centrifugation.  The  coagulum  which  forms  is  sepa- 
rated from  the  walls  and  packed  down  into  the  lower  portion  of  the 
tube.  The  supernatant  fluid  is  normally  clear  or  but  faintly  turbid, 
and  of  a  straw  color:  in  the  presence  of  bilirubin  it  is  colored  a  bright 
yellow,  which  on  exposure  to  the  air  gradually  turns  to  a  greenish 
tint. 

For  more  exact  information  the  method  of  Syllaba  may  be  used:  10 
to  15  c.c.  of  blood  are  placed  in  a  cool  place  for  sedimentation.  The 
serum  which  separates  out  is  removed  with  a  pipette  and  5  c.c. 
diluted  with  double  the  amount  of  water  and  coagulated  by  boiling 
after  the  addition  of  a  pinch  of  sodium  sulphate  and  acidifying 
with  dilute  acetic  acid.  Any  bilirubin  that  may  be  present  is  carried 
down  in  the  coagulating  albumin  while  urobilin  remains  in  solution. 
ITie  fluid  is  then  filtered  and  the  filtrate  tested  by  boiling  to  make 
sure  that  the  coagulation  is  complete. 

If  no  urobilin  is  present  the  filtrate  is  clear,  colorless  and  spectro- 
scopically  free  from  absorption;  if,  however,  urobilin  is  present  in  the 
serum,  as  is  usually  the  case  in  pernicious  anemia,  then  the  filtrate 
presents  a  reddish  color  and  shows  a  narrow  band  of  absorption  between 
0  and  F.  The  collected  precipitate  in  the  absence  of  bilirubin  (in 
normal  serum  and  the  serum  of  chlorosis)  is  white,  but  in  the  presence 
of  bilirubin  (in  the  serum  of  pernicious  anemia)  of  a  slight  yellowish 
color.    The  precipitate  is  washed  with  hot  water,  boiled  with  acidu- 

*  Zeit.  f.  phys.  Chem.,  vol  xxxix,  p.  143, 
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lated  alcohol  (sulphuric  acid)  and  the  mixture  filtered.  In  the 
presence  of  bilirubin  the  alcohol  is  colored  a  fine  green  and  the 
coagulum  presents  the  same  color;  in  the  absence  of  bilirubin  the 
alcohol  remains  coloriess. 

In  order  to  test  for  biliary  acids,  the  blood  is  first  treated  with 
alcohol,  in  order  to  remove  the  proteids.  The  biliary  acids  which 
are  present  in  the  filtrate  are  next  transformed  into  their  lead  salts 
by  means  of  lead  acetate  and  ammonia  and  thus  precipitated. 
After  washing  with  water  the  precipitate  is  boiled  with  alcohol  and 
filtered.  The  lead  salts  are  decomposed  by  means  of  sodium  carbo- 
nate, the  solution  is  again  filtered,  the  filtrate  evaporated  to  dryness, 
and  the  residue  extracted  with  absolute  alcohol.  The  alcohol  is  dis- 
tilled off,  when  the  biliary  salts  of  sodium  will  crystallize  out  or 
remain  behind  as  an  amorphous  mass,  which  may  be  tested  directly 
according  to  PettenkofFer's  method.  To  this  end,  some  of  the  residue 
is  dissolved  in  water  and  treated  with  two-thirds  of  its  volume  of 
concentrated  sulphuric  acid,  care  being  taken  that  the  temperature 
does  not  rise  beyond  60^  C.  To  this  mixture  a  few  drops  of  a  20 
per  cent,  solution  of  cane  sugar  are  added,  when  in  the  presence  of 
biliary  acids  a  beautiful  violet  color  is  obtained,  which  is  referable 
to  the  action  of  furfurol,  formed  from  the  cane  sugar  and  the  acid, 
upon  the  biliary  acids. 

Acetone. ^Acetone  has  been  found  in  the  blood  in  considerable 

amounts  under  various  pathological  conditions,  and  especially  in 
diabetes  and  fevers. 

In  order  to  demonstrate  its  presence,  Dennigh's  test  may  be 
employed:  3  c.c.  of  blood  are  treated  with  about  30  c.c.  of  Dennigfe's 
reagent  and  allowed  to  stand  until  the  dark-brown  precipitate  has 
settled  to  the  bottom.  The  supernatant  fluid  is  filtered  off  and 
treated  with  a  little  more  of  the  reagent,  so  as  to  ensure  complete 
precipitation.  It  is  then  acidified  with  sulphuric  acid  and  heated  as 
described.  The  formation  of  a  white  precipitate,  which  is  soluble 
in  an  excess  of  hvdrochloric  acid,  is  referable  to  acetone  or  diacetic 
acid.     (See  Urine.) 

Liter ATiTRE. — v.  Jaksch,  Aoetonurie  u.  Diaceturie,  Berlin,  1885.  lleale, 
Schmidt's  Jahrbuch.,  1892,  p.  106  (Extract). 

Cholin. — Cholin  has  been  demonstrated  by  Moth  and  Halli- 
burton in  the  blood  in  diseases  of  the  nervous  system  which  are 
associated  with  a  destruction  of  nerve  tissue;  notably  in  general 
paresis,  tabes,  combined  sclerosis,  disseminated  sclerosis,  alcoholic 
polyneuritis,  beriberi,  and  following  the  division  of  both  sciatic 
nerves  in  cats, 

Method. — Five  c.c.  of  blood  are  treated  with  from  six  to  eight 
times  that  amount  of  absolute  alcohol  and  filtered.  The  filtrate  is 
dried  at  40°  C,  and  the  dry  residue  extracted  three  times  with  ahsolvie 
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alcohol,  filtered,  and  the  solution  evaporated.  The  alcoholic  solution 
of  the  residue  is  precipitated  with  a  10  per  cent,  alcoholic  solution  of 
platinum  chloride  and  the  precipitate  decanted  from  the  absolute 
alcohol.  The  precipitate  is  finally  dissolved  in  15  per  cent,  alcohol, 
the  solution  filtered  and  evaporated  in  a  watch  crystal  at  40°  C. 
With  a  low  power  the  octahedral  crystals  of  cholin-platinochloride 
can  then  be  seen. 

Nonnal  human  blood  (in  the  amount  mentioned)  rarely  gives  rise  to 
such  ciystak,  so  that  the  result  is  practically  negative.  Sine  qua 
non  for  the  success  of  the  method  is  that  the  alcohol  is  absolute; 
99  per  cent,  will  not  suflSce.  [See  also  Donath's  method  (Cerebro- 
spinal fluid)]. 


MICROSCOPIC  EXAMINATION  OF  THE  BLOOD. 

The  Red  Corpuscles.  Variations  in  Size  and  Fonn. — ^The  normal 
red  blood  corpuscles  are  greenish-yellow,  circular  bodies,  which  in 
postembiyonic  life  are  non-nucleated.  While  it  has  been  generally 
accepted  that  the  red  cells  are  biconcave  several  writers  have  recently 
insisted  that  they  are  bell-shaped  (Weidenreich,  F.  T.  Lewis).  They 
are  possibly  composed  of  fluid  contents  within  a  membrane  of  some 
fatty  substance.  Their  diameter  varies  between  6  and  9  //,  with  an 
average  of  7.5  //.  The  presence  of  larger  or  smaller  cells  is  abnormal. 
Smaller  cells  are  termed  microcytes  and  measure  from  3.5  to  6  //;  larger 
cells  are  known  as  mojcrocyie^  or  megalocytes,  and  usually  have  a  diam- 
eter of  from  9.5  to  12  //;  still  larger  specimens  are  spoken  of  as  giant 
corpuscles  (Hayem);*  they  may  attain  a  diameter  of  16  //.  The  terms 
microcytosis  or  microcythemia  and  macrocytosis  or  macrocythemia  are 
used  to  designate  a  predominance  of  the  corresponding  variety. 

As  regards  the  origin  of  the  macrocytes,  there  is  evidence  to  show 
that  they  may  result  from  the  common  normocytes  in  the  circulating 
blood  through  imbibition  of  water,  so  that  their  occurrence  from 
this  point  of  view  could  be  regarded  as  a  degenerative  phenom- 
enon. But,  on  the  other  hand,  the  presence  of  macrocytes  may  be 
interpreted  as  evidence  of  a  regenerative  process,  bearing  in  mind 
that  in  the  bone-marrow  the  size  of  the  erythroblasts  is  larger  than 
that  of  the  common  normocytes;  the  macrocytes  would  thus  repre- 
sent young  normocytes  which  have  prematurely  found  their  way 
into  the  circulation.  The  microcytes  probably  result  from  the  normo- 
cytes in  the  circulating  blood  through  loss  of  water;  whether  their 
presence  may  at  any  time  be  regarded  as  the  expression  of  a  regen- 
erative process  seems  questionable.  Not  infrequently  microcytes 
are  formed  artificially  during  the  preparation  of  the  specimen. 

»  LeSang,  Paris,  1891. 
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Microcytosis  is,  on  the  whole,  of  comparatively  little  clinical 
interest,  and  may  be  observed  in  any  severe  anemia.  Macrocytosis 
is  more  important.  To  a  certain  extent  it  is  seen  in  severe  forms 
of  anemia  of  whatever  origin,  but  it  is  noteworthy  that  the  presence 
of  macrocytes  in  large  numbers  is  essentially  observed  in  pernicious 
anemia.  During  the  active  period  of  the  disease  the  macrocytes 
may  here  represent  70  per  cent,  of  all  red  cells  (Lazarus).  The 
condition,  however,  is  not  constant. 

Going  hand  in  hand  with  pathological  variations  in  the  size  of  the 
red  corpuscles — anisocytosis — ^there  are  variations  in  form  which  may 
affect  not  only  the  microcytes  and  macrocytes,  but  also  the  corpuscles 
of  normal  size.  Cells  may  thus  be  seen  which  resemble  a  flask,  a 
kidney,  a  biscuit,  a  boat,  a  balloon,  a  dumb-bell,  or  an  anvil,  while 
others  are  altogether  irregular  in  appearance. 
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Fio.  14. — Poikilocytosis. 

Especially  interesting  is  the  fact  that  such  abnormally  formed  cells, 
which  are  generally  spoken  of  as  poikilocytes  (Fig.  14),  may  manifest 
a  certain  degree  of  motility,  so  that  they  ha\'e  at  times  been  mistaken 
for  microparasites.  This  is  seen  especially  in  marked  cases  of  per- 
nicious anemia,  and  is  most  noticeable  in  the  smaller  forms.  In 
pernicious  anemia  poikilocytosis  is  most  pronounced,  and  at  one 
time  it  was  thought  that  the  condition  was  characteristic  of  the  disease. 
It  has  been  shown,  however,  that  it  occurs  in  other  anemias  as  well, 
though  its  occurrence  is  probably  always  evidence  of  a  specially 
severe  form.  In  chlorosis  it  is  usually  only  seen  in  the  most  severe 
cases,  and  particularly  in  those  manifesting  a  tendency  to  throm- 
bosis and  embolism. 

In  this  connection  a  special  deviation  from  the  normal  form  of  the 
i-ed  coq^uscles  also  requires  consideration,  viz.,  the  prevalence  of 


PLATE  II. 


The  Elements  of  Normal  Blood. 


a.  red  cells  in  rouleaux;  b.  crenated  rc»l  cell>;  c.  finely  granular  Cncutrophilio  Icukr^x'vtc^:  d. 
coarsely  granular  <e<jsinophilic)  Icuk/r  yte>:  c,  small,  an<!  '.  lar'jc  mononuv.lear  Icuk<x.ytcs; 
g.   piaiues. 
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oval  cells.  These  are  notably  observed  in  pernicious  anemia  and 
seem  to  be  of  distinct  diagnostic  importance.  They  are  found  not 
only  during  the  active  periods  of  the  disease,  but  frequently  also  in 
the  interval  between  exacerbations. 

Poikilocytosis  is  a  d^enerative  phenomenon,  and  it  is  essential 
not  to  confound  true  poikiloqrtes  with  certain  abnormal  forms, 
which  may  be  seen  in  any  normal  preparation  and  which  are  the  result 
of  mechanical  injuiy,  mutual  compression,  etc.,  and  can  readily  be 
distinguished  with  practice. 

In  wet  preparations  red  cells  will  be  seen  near  the  margin  of  the 
drop  where  evaporation  is  actively  going  on,  which  present  little 
knobs  or  spicules  on  their  surface  and  along  the  peripheiy.  Such 
cells  are  spoken  of  as  crenated  cells.  The  phenomenon  in  itself  is 
normal,  but  it  is  noteworthy  that  crenaiion  may  at  times  be  observed 
in  the  centre  of  a  carefully  prepared  specimen  after  a  few  seconds 
already,  while  as  a  rule  from  fifteen  to  thirty  minutes  elapse  before 
the  process  begins  to  attack  celb  in  this  location.  The  signifiqance 
of  this  early  crenation  is  not  known.  This  is  also  true  of  delayed 
mcney-ToU  formation,  which  is  observed  in  various  hepatic  diseases, 
in  pneumonia,  nephritis,  etc.,  whereas  normally  the  red  corpuscles 
tend  to  agglutinate  in  this  form  immediately  unless  special  pains 
have  been  taken  to  secure  the  separation  of  the  individual  cells. 
(See  Plate  II.) 

Variations  in  the  Color  of  the  Red  Oorpuscles. — ^The  degree  of  color- 
ing of  the  red  corpuscles  depends  upon  the  amount  of  hemoglobin. 
The  centres  of  the  cells  in  well-mounted  specimens  are  always  paler 
than  the  periphery,  and  any  deficiency  in  the  amount  of  coloring 
matter  is  here  at  once  apparent.  With  a  moderate  grade  of  anemia 
the  cell  as  a  whole  looks  paler,  and  the  pale  central  area  b  increased 
in  size.  With  a  further  increase  in  the  loss  of  coloring  matter  the 
central  area  is  absolutely  colorless  and  encroaches  upon  the  peripheral 
colored  zone  more  and  more  until  finally  the  so-called  pessary  forms 
result,  in  which  only  a  narrow  rim  of  hemoglobin  remains.  These 
changes  can  be  made  out  in  wet  preparations,  but  are  especially 
well  seen  in  stained  specimens.  The  central  pale  area  is,  however, 
visible  only  in  well-preserved  cells  and  not  m  flattened  out  cells, 
which  are  stained  uniformly  throughout  and  which  may  also  be  seen 
in  any  specimen. 

The  color  of  the  normal  red  cells  in  wet  specimens  is  a  pale  greenish- 
yellow.  In  malaria  curiously  discolored  corpuscles  are  seen,  which 
present  a  bronzed  appearance;  their  presence  should  always  excite 
suspicion.  The  meamng  of  the  discoloration  is  not  known,  but  in  all 
probability  it  is  evidence  of  a  degenerative  process. 

The  OoUa  Index. — ^The  term  color  index  is  used  to  designate  the 
relative  amount  of  hemoglobin  which  is  contained  in  each  corpuscle. 
It  is  determined  by  dividing  the  percentage  of  blood  coloring  matter 
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by  the  percentage  of  red  cells  as  compared  with  the  recognized 
nonnaly  viz.,  5,000,000. 

Example. — ^The  percentage  of  hemoglobin  is  50,  the  red  count 
per  cbmm.  is  2,000,000,  viz.,  40  per  cent,  of  the  recognized  normal, 
5,000,000.    The  color  index  is  then  50  divided  by  40— i.  e.,  1.25. 

Under  normal  conditions  the  color  index  is  about  1,  but  may  vaiy 
from  0.95  to  1.17;  it  is  slightly  higher  in  men  than  in  women.  In 
the  secondary  anemias,  in  which  the  decrease  in  the  amount  of 
hemoglobin  is  proportionate  to  the  diminution  of  the  red  corpuscles, 
the  color  index  is  approximately  normal.  But  in  the  majority  of 
cases  the  diminution  of  the  hemoglobin  somewhat  exceeds  that  of 
the  red  cells,  so  that  lower  values  are  commonly  met  with.  In 
pernicious  anemia,  on  the  other  hand,  where  the  corpuscular  decrease 
usually  exceeds  the  diminution  of  the  hemoglobin,  a  high  color  index 
is  the  rule.  There  may  be  periods  in  the  course  of  the  disease,  how- 
ever, in  which  a  normal  index  and  even  subnormal  values  are  found. 
In  the  chronic  cases  lower  figures  are  more  commonly  obtained  than 
in  the  acute  cases.  In  the  series  of  22  cases  collected  by  Strauss  and 
Rohnstein  the  value  of  the  color  index  varied  between  0.5  and  1.95. 
In  8  cases  of  the  series  variations  from  1.13  to  1.95  were  observed, 
and  in  6  lower  values  than  1  were  noted,  viz.,  0.5  to  0.9.  Cases  in 
which  the  color  index  falls  as  low  as  0.5  are  rare  in  pernicious  anemia. 
In  the  one  instance  in  the  series  in  which  this  was  found,  the  hemo- 
globin was  only  10  per  cent.,  while  the  red  cells  numbered  1,048,000; 
there  was  a  high  grade  of  poikilocytosis  and  all  transitions  between 
the  smallest  microcytes  and  the  largest  types  of  macrocytes. 

In  well-established  hookworm  anemia  in  contradistinction  to  the 
cryptogenetic  type  of  pernicious  anemia  the  color  index  is  low 
(Ashford). 

In  the  secondary  anemia  of  carcinomatosis  the  color  index  rarely 
exceeds  1.  In  Strauss  and  Rohnstein's  series^  of  35  cases  the  highest 
vahie  was  1.1  (in  one  case  only);  in  the  rest  it  varied  between  0.53 
and  0.96. 

In  chlorosis,  in  which  the  degree  of  oligochromemia  exceeds  the 
corpuscular  loss  the  color  index  is  markedly  lowered;  in  especially 
severe  cases  it  may  fall  to  0.3  and  even  lower.  But  it  is  not  acl- 
missible  to  make  the  diagnosis  of  chlorosis  on  this  basis  only,  as  it  is 
fairly  common  to  meet  with  a  markedly  lowered  color  index  in  some 
secondary  anemias  also,  and  especially  in  the  form  which  is  referable 
to  carcinoma,  as  has  just  been  mentioned.  In  splenic  anemia  like- 
wise the  degree  of  oligochromemia  may  far  exceed  the  degree  of 
oligocythemia. 

Variations  in  Number. — The  number  of  red  corpuscles  in  the 
blood  of  healthy  adults  is  fairly  constant.     In  man  5,000,000  may 

'  Die  Blutzusammensetzimg  b.  d.  verschiedenen  Anemien.     Berlin,  1.S91. 
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be  considered  a  fair  average,  and  in  women  4,500,000.  Higher 
values  are  not  uncommon,  but  rarely  exceed  6,000,000  in  perfectly 
normal  individuals. 

The  largest  number  is  found  on  the  first  day  after  birth,  average 
6,985,428.  It  diminishes  until  the  third  day.  Following  a  temporary 
rise  it  drops  farther  and  becomes  fairly  constant  between  the  sixth 
and  the  tenth  day.^ 

In  20  healthy  infants  Kamizki'  obtained   the  following  values: 

Age. 

2-4  months 5,239,725 

4-8        "  5,703,000  to  5,843,000 

8-12      "  5,531.000  to  5,590,521 

Then  the  number  increases,  especially  after  the  sixth  year,  and 
remains  on  an  average  higher  during  childhood  than  in  babyhood. 

A  somewhat  higher  average  is  found  among  people  living  at  a 
considerable  elevation  above  the  sea  level,  and  it  is  interesting  to 
note  that  an  increase  in  the  number  occurs  whenever  a  change  in 
the  habitation  is  made  from  a  lower  to  a  higher  level.  This  increase 
is  frequently  quite  marked,  as  is  apparent  from  the  following  table, 
which  is  taken  from  Ehrlich:* 

Altitude  Increase  of 

561  meteis 800,000 

700        " 1,000,000 

1800        " 2,000,000 

4392        " 3,000,000 

A  corresponding  diminution  occurs  when  a  change  is  made  from  a 
higher  to  a  lower  level. 

In  this  connection  Gaule's*  observations  are  of  interest.  On 
the  occasion  of  a  balloon  ascension  to  a  height  of  from  4200  to  4700 
meters  he  counted  7,040,000,  8,800,000,  and  7,480,000,  respectively, 
in  the  three  participants  of  the  journey.  The  hemoglobin  was  at 
the  same  time  diminished,  and  he  accordingly  concluded  that  the 
increase  during  the  ascent  was  due  to  an  increased  production  of  red 
cells;  the  probable  nature  of  this  conclusion  was  strengthened  by  the 
fact  that  numerous  normoblasts  were  found  in  the  blood,  many  under- 
going division.  Jolly  and  Bensaude**  and  others  on  similar  expeditions 
were  unable,  however,  to  demonstrate  the  presence  of  nucleated  red 
cells  or  to  note  the  occurrence  of  an  increased  number  of  red  cells. 
According  to  Weinzirl,"  the  increased  counts  due  to  high  altitude  are 

*  Sdpiades,  Arch.  f.  Gyn.,  vol.  ixx,  p.  630. 

*  Arch.  f.  Kinderheilk.,  1903,  vol.  xxx\'i. 

*  "  Die  Aniimie,"  Nothnagers  specielle  Path.  u.  Therap.,  vol.  \nii,  part.  i. 

*  Compt.-rend.,  vol.  cxxxiii,  p.  903. 

'  (}ompt.-rend.  Soc  biol.,  vol.  liii,  p.  1084.  Saint  Martin,  Soc  de  biol.,  Julv 
23.  1904. 

*  Amer.  Jour.  Med.  Sci.,  1903,  vol.  cxxvi,  p   299. 
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temporary  and  in  part  at  least  referable  to  cold.  He  showed  that  in 
rabbits  a  certain  increase  in  the  number  of  red  cells  occurs  when  they 
are  removed  from  warm  to  cold  quarters,  and  that  their  subsequent 
removal  to  a  higher  altitude  does  not  lead  to  a  further  increase. 

Clinically  we  distinguish  between  relative  polycythemia  in  which 
the  condition  is  due  to  a  diminution  in  the  quantity  of  plasma,  and 
true  polycythemia  in  which  there  is  an  actual  increase  in  the  number 
of  the  red  corpuscles.  Relative  polycythemia  is  much  the  more 
common.  In  some  instances  it  is  due  to  loss  of  liquid  by  sweating, 
diarrhea,  or  increased  diuresis.  In  another  group  of  cases  there  is  loss 
of  liquid  by  secretion  or  transudation,  as  in  obstruction  of  the  pylorus 
with  dilatation  of  the  stomach,  and  in  the  constant  loss  of  liquid 
from  the  blood  in  recurring  ascites.  In  some  of  these  cases  the 
polycythemia  b  of  high  grade,  and  may  persist  for  years.  In  advanced 
cases  of  nephritis,  phthisis,  malignant  disease,  etc.,  there  is  also  a 
certain  grade  of  relative  polycythemia,  due  to  loss  of  water  from  the 
body  at  large.  The  polycythemia  which  is  noted  in  poisoning  by 
phosphorus  and  carbon  monoxide  (in  one  case  of  coal-gas  poisoning 
a  count  of  11,200,000  is  reported),  various  coal-tar  products, 
during  and  immediately  after  the  administration  of  ether,  following 
cold  baths  and  severe  muscular  exercise,  also  belongs  to  this  order  and 
is  no  doubt  referable  to  vasomotor  disturbances.  Of  similar  origin 
probably  is  the  polycythemia  which  is  noted  in  disease  of  the  adrenal 
glands,  where  counts  of  from  6,000,000  to  7,000,000  have  been 
repeatedly  noted;  and  the  same  is  probably  true  of  diabetes,  in 
which  polcythemia  may  be  observed  both  while  fasting  and  while 
much  fluid  is  being  ingested. 

True  polycythemia  is  met  with  in  diseases  in  which  there  is  diflS- 
culty  in  proper  aeration  of  the  blood,  as  in  heart  disease,^  and  in  a 
peculiar  type  of  chronic  cyanosis  which  has  been  described  by 
Osler^  as  a  new  clinical  entity,  the  so-called  autotoxic  enterogenous 
cyanosis.  In  acquired  heart  disease  with  continued  inadequacy  of 
the  circulation  of  slight  degree  a  moderate  grade  of  polycythemia 
is  very  common;  in  the  congenital  form  the  figures  often  reach 
8,000,000  to  9,000,000.  The  highest  values  are  seen  in  Osier's 
disease,  however.  In  the  first  nine  cases  which  have  been  reported  the 
highest  count  was  12,000,000;  in  eight  it  was  above  9,000,000,  and  in 
the  ninth  it  was  8,250,000.  The  usual  range  of  hemoglobin  at  the  same 
time  was  from  120  to  150;  the  specific  gravity  varied  between  1.067 
and  1.083,  and  the  leukocyte  count  between  4000  and  20,000;  as  a 
nile  it  was  below  10,000.  Vaquez^  notes  that  whereas  in  congenital 
heart  disease  and  the  coincident  polyglobulism  the  diameter  of  the 

»  Stengel,  Proc.  Path.  Soc.  Phila.,  1899.     Oertel,  Deutsch.  Arch.,  vol.  i,  p.  293. 
*"  Chronic  Cyanosis  with  Polycythemia,"  Amer.  Jour.  Med.  Sci.,  1903,  vol 
cxxvi,  p.  187. 
'  Soc.  biol.,  7  Mai.  1892 
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red  cells  b  increased  from  7.5  to  8.5,  this  is  not  observed  in  the  idio- 
pathic form  of  c^anasb. 

While  there  can  thus  be  no  doubt  that  a  true  polycythemia  does 
occur,  it  has  been  conclusively  demonstrated  that  such  a  condition 
does  not  exbt  in  what  b  generally  termed  plethora,  and  that  the 
various  symptoms  of  plethora  formerly  attributed  to  a  geneial  increase 
in  the  amoimt  of  blood  are  referable  to  vasomotor  disturbances. 

Oligocythemia,  viz.,  a  diminbhed  number  of  red  celb,  b  much 
more  common  than  poljcythemia.  It  may  be  temporary  or  perma^ 
nent,  and  b  seen  in  all  forms  of  anemia  of  whatever  origin.  It  b 
most  marked  in  pernicious  anemia.  The  exact  figure  will  here,  of 
course,  depend  upon  the  stage  of  the  dbease  and  the  individual  case. 
A  decrease  to  one-half  of  the  normal  number  may  be  seen  in  com- 
paratively mild  cases;  a  million  red  celb  b  a  conwnon  count.  The 
number  may  fall  to  500,000  and  even  lower.  In  one  case  reported 
by  Quincke*  a  count  of  143,000  was  observed,  and  it  b  interesting 
to  note  that  seventy-four  days  later  the  same  patient  had  1,234,000 
per  cbnmi.  Osier*  reports  a  case  in  which  shortly  before  death  the 
red  celb  fell  below  100,000.  This  b  the  lowest  count  that  has  been 
recorded.  In  the  stage  of  amelioration  they  may  rbe  to  4,000,000 
and  even  higher.  In  the  series  collected  by  Strauss  and  Rohnstein* 
1,240,000  was  the  average  at  the  time  when  the  patient  first  came 
under  observation,  and  in  Cabot's  series  of  one  hundred  and  ten 
cases  the  average  number  b  almost  identical — 1,200,000. 

In  chlorosb,  contrary  to  what  b  found  in  pernicious  anemia,  the 
red  celb  are  usuallv  not  much  diminbhed.  In  Cabot's*  series  of 
seventy-seven  cases  the  average  count  was  4,050,000.  At  times, 
however,  cases  are  met  with  in  which  the  diminution  of  the  red  celb 
almost  keeps  step  with  the  diminution  in  the  amount  of  hemoglobin. 
Von  Limbeck  cites  three  cases  vHth  1,750,000,  1,850,000,  and 
1,930,000,  respectively;  and  Hayem  mentions  an  instance  in  which 
only  937,360  celb  were  counted.    Such  cases  are  exceptional. 

As  in  chlorosb  so  abo  in  splenic  anemia,  the  corpuscular  anemia 
b  of  very  moderate  grade,  even  though  the  diminution  in  the  amount 
of  hemoglobin  may  be  considerable.  Of  the  forty-one  cases  collected 
by  Osier,  the  average  was  3,425,000;  the  lowest  count  was  2,187,000 
and  the  highest  5,200,000. 

A  similar  condition  b  found  in  Kala-azar,  where  the  number  of  red 
celb  b  commonly  reduced  to  2,000,000  to  3,000,000. 

In  leukemia  the  red  celb  are  usually  not  diminbhed  to  a  very 
great  extent;  and  the  oligocythemia  b  generally  more  marked  in 
the  lymphatic  than  in  the  myelogenous  variety;  the  average  figures 

*  Centralbi.  f.  d.  med.  Wiss..  1877,  No.  47:  and  Deutsch.  Arch.,  1877,  vol  xx. 
'  Johns  Hopkins  Hosp.  BulL,  1902,  vol.  xiii,  p.  251. 

*  Loc.  dt. 

*  Clinical  Examination  of  the  Blood,  Wm.  Wood  &  Ck). 
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in  Cabot's  series  are  2,730,000  and  3,120,000,  respectively.  Counts 
of  1,000,000  or  thereabout  may,  however,  be  met  with. 

In  pseudoleukemia  the  red  cells  may  be  only  moderately  dimin- 
ished, viz.,  between  3,000,000  and  4,000,000,  but  in  some  cases  the 
corpuscular  destruction  is  quite  active,  and  in  the  last  stages  of  the 
disease  values  may  be  found  which  are  not  much  above  1,000,000 
or  1,500,000. 

The  count  which  is  obtained  in  post-hemorrhagic  cases  will  depend 
very  largely  upon  the  amount  of  blood  lost  and  the  time  at  which 
the  examination  is  made.  The  lowest  counts,  according  to  Lyon,^ 
Hiihnerfauth,'  and  Siegel-Maydl,'*  are  found  between  the  second  and 
the  eleventh  day.  In  Rieder's*  case  the  figures  varied  between 
1,300,000  and  3,335,000;  in  those  of  Strauss  and  Rohnstein,*  be- 
tween 1,119,000  and  4,420,000.  A  sudden  reduction  in  the  number 
to  1,000,000  or  less  is  usually  followed  by  a  fatal  result. 

In  the  anemias  of  infancy  and  eariy  childhood  the  oligocythemia 
is  often  very  pronounced.  In  the  infantile  pseudoleukemia  of 
V.  Jaksch  especially  low  values  may  be  found  associated  with  an 
increase  of  the  leukocvtes  of  such  extent  that  the  ratio  between 
the  two  may  be  suggestive  of  true  leukemia;  there  is,  however,  no 
myelemia,  but  an  increase  of  the  normal  types.  In  infantile  leu- 
kemia of  the  lymphatic  variety  McCrae  found  2,350,000  as  the 
highest  count. 

An  extreme  and  rapidly  progressive  anemia  is  frequently  noted  in 
acute  streptococcus  infections.  Grawitz*  states  that  according  to 
Rocher's  investigations  it  is  probable  that  the  diminution  of  the  red 
cells  in  septicemia  is  greater  than  in  any  other  infectious  disease  and 
appears  in  a  shorter  time.  Cases  may  indeed  be  encountered '  in 
which  the  question  of  pernicious  anemia  may  enter  into  the  diag- 
nasis,  as  occurred  in  two  cases  of  gonorrheal  endocarditis  which 
were  observed  by  Osier. 

An  extreme  grade  of  corpuscular  destruction  is  also  noted  in 
malaria.  In  acute  cases  the  loss  of  red  cells  during  the  first  twenty- 
four  hours  may  reach  1,000,000,  and  in  two  days  even  2,000,000. 
In  neglected  chronic  cases  the  count  usually  varies  between  3,000,000 
and  4,0(X),()00;  the  oligocythemia  may,  however,  be  far  more  ex- 
tensive, and  Ewing^  cites  a  case  obsen^ed  by  Kelsch,  with  only 
583.000  red  cells  per  cbmm. 

The  anemia  observed  after  typhoid  fever  is  as  a  rule  not  very 
severe,  but  exceptional  cases  occur  in  which  the  loss  of  red  corpus- 

*  Virchow's  Archiv,  1881,  vol.  xciv. 

*  Tl)id.,  vol.  Ixxvi. 

'   Wien.   nied.   Jahrbncli.,    1884. 

*  lieit.  z.  Kenntniss  d.  Leukocytose,  Leipzig,  1892. 

*  Loc.  cit. 

«  Klin,  pathol.  d.  Hlutos.  Enslin.  Berlin,  1902. 
'  On  the  Blood,  Tx?a  Bros,  and  Co.,  1901. 
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cles  is  considerable.  Osier  cites  an  instance  in  which  the  number 
fell  to  1,300,000. 

The  post-rheumatic  anemia  is  usually  not  so  pronounced. 

In  acute  endocarditis  StengeP  has  noted  a  rapid  decrease  of  the 
red  coqjuscles,  often  to  »50  and  even  40  per  cent. 

In  pulmonary  tuberculosis  the  number  of  the  red  corpuscles  runs 
a  course  parallel  to  that  of  the  hemoglobin.  Oligocythemia  is  really 
only  seen  during  the  third  stage  (2,000,000  to  2,500,000);  while  during 
the  second  stage,  owing  to  an  actual  concentration  of  the  blood 
(Grawitz),  normal  figures  are  the  rule.  In  the  first  stage  a  diminution 
of  their  number  (3,800,000)  is  only  seen  in  patients  who  have  repeat- 
edly suffered  from  tuberculous  affections  (scrofula)  since  childhood, 
and  in  whom  the  onset  of  the  pulmonary  disease  has  been  gradual, 
while,  on  the  other  hand,  normal  values  are  found  in  individuals  who 
appear  to  be  in  perfect  physical  health,  who  are  well  nourished,  with 
well-shaped  chests,  and  without  hereditary  predisposition  (Appel- 
baum).' 

In  acute  gastritis,  and  usually  in  chronic  gastritis  also,  the  number 
of  the  red  corpuscles  is  not  diminished,  while  in  carcinoma  a  marked 
oligocythemia  occurs  at  some  time  in  the  course  of  the  disease.  In 
the  earlier  stages,  however,  this  is  often  but  little  marked,  and  at 
times  an  apparent  increase  of  the  red  cells  is  noted  (relative  poly- 
cythemia). Later  a  diminution  is  probably  always  found.  In  the 
severer  forms  of  chronic  gastritis  a  diminution  is  also  fairly  constant, 
but  rarely  so  marked  as  in  carcinoma,  if  we  except  those  cases  of 
gastric  anadeny  which  present  the  clinical  picture  of  a  pernicious 
anemia.  In  the  differential  diagnosis  between  carcinoma  of  the 
stomach  and  pernicious  anemia  a  count  below  1 ,000,000  points  to  the 
latter  disease.  In  ulcer  of  the  stomach  anemia  of  the  chlorotic  type 
is  very  common.  In  Cabot's  series  of  51  cases,  42  (80  per  cent.)  had 
a  hemoglobin  value  of  less  than  50  per  cent.,  and  in  the  Hopkins  series, 
reported  by  Futcher,  the  average  value  was  58  per  cent.,  with  a  red 
count  of  4,071,000.  When  hemorrhages  have  recently  occurred  the 
blood  count  may  of  course  be  very  low. 

In  the  majority  of  cases  of  rickets  there  is  no  material  diminution 
in  the  number  of  the  red  cells,  while  the  hemoglobin  may  be  much 
reduced,  but  in  the  severer  forms  with  visceral  complications  there  may 
be  oligocythemia  of  extreme  grade,  v,  Jaksch  cites  a  case  in  which 
the  red  count  fell  from  1,600,000  to  750,000  within  three  months, 
and  Luzet  noted  a  drop  to  500,000  within  three  weeks  (Ewing). 

In  congenital  syphilis  the  oligocythemia  is  usually  marked,  except- 
ing in  very  mild  cases,  and  in  the  severer  infections  the  blood  picture 
may  simulate  that  of  pernicious  anemia. 

*  Loc.  cit.,  p.  59. 

'  Beri.  klin.  nied.  Woch.,  1901,  vol.  xxxix,  p.  7. 
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Behavior  toward  Aniline  Dyes.  Polychromatophilia  (Polychro- 
masia). — ^The  normal  living  red  cell  possesses  no  aflBnity  for  dyes;  it 
is  achromatophilic.  The  normal  jixed  cell  of  the  circulating  blood, 
on  the  other  hand,  has  a  marked  aflSnity  for  acid  dyes,  such  as  eosin, 
orange-G,  acid  fuchsin,  etc.;  it  is  accordingly  said  to  be  oxyphilic, 
and  as  it  takes  up  only  one  color  from  a  mixture  of  different  dyes  it 
is  termed  monochromatophilic.  Under  various  pathological  condi- 
tions which  are  associated  with  a  marked  grade  of  anemia  cells  are 
met  with  which  are  polychromatophilic.  Such  cells  manifest  an 
affinity  not  only  for  acid  dyes,  but  simultaneously  also  for  basic 
dyes,  so  that  with  a  mixture  of  hematoxylin  and  eosin,  or  eosin  and 
methylene  blue,  the  red  cells  are  not  stained  in  the  usual  tint  of  the 
hemoglobin,  but  present  a  mixed  color  in  which  the  tint  of  the  basic 
dye  is  more  or  less  apparent  (Plate  III). 

As  regards  the  signiiScance  of  the  polychromasia,  Ehrlich  main- 
tained that  the  condition  was  evidence  of  a  degenerative  process — 
of  a  coagulation  necrosis  of  the  discoplasm  as  a  consequence  of  which 
this  takes  up  albumins  from  the  blood  plasma,  while  it  loses  the 
power  of  holding  its  hemoglobin.  The  oxyphilia  hence  diminishes, 
while  owing  to  the  absorption  of  albumins  a  more  or  less  well-marked 
basophilia  develops.  As  a  matter  of  fact  polychromatophilia  is  often 
seen  in  cells  w^hich  are  manifestly  degenerating,  and  in  myelogenous 
leukemia  especially  one  frequently  meets  with  nucleated  red  cor- 
puscles which  are  markedly  polychromatic  and  in  which  the  proto- 
plasm is  evidently  imdergoing  destruction,  often  appearing  merely 
as  a  little  hood  attached  to  one  side  of  the  nucleus  (see  Plate  III). 
Ehrlich  accordingly  speaks  of  an  anemic  or  polychrom<itophilic 
degeneration  of  the  blood.  But,  on  the  other  hand,  there  is  evidence 
to  show  that  polychromasia  may  be  the  expression  of  a  regenerative 
process,  and  we  find  as  a  matter  of  fact  that  the  erythroblasts  of  the 
normal  bone-marrow  are  for  the  most  part  polychromatophilic,  and 
the  more  markedly  so  the  younger  they  are.  Megaloblasts  are  proba- 
bly always  polychromatophilic  (Plate  III).  Welker  has  shown 
that  basophilic  re<l  cells  are  normally  found  in  pigeons,  mice,  guinea- 
pigs,  cats,  and  dogs,  while  they  are  absent  in  the  horse  and  the  ox. 
I  have  also  found  them  in  the  blood  of  birds,  reptiles,  amphibia,  and 
fishes.  In  those  animals,  moreover,  in  which  the  red  cells  of  the 
circulating  blood  are  normally  nucleated  a  certain  grade  of  poly- 
chromasia, according  to  ray  experience,  appears  to  be  the  rule  in  all 
the  younger  cells;  the  pure  hemoglobin  tint  is  only  found  in  the 
mature  forms. 

Of  late,  Ehrlich  has  admitted  the  existence  of  a  physiological 
polychromasia,  but  he  still  maintains  that  it  may  also  occur  as  the 
expression  of  a  degenerative  process. 
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Literature. — Ehriich,  Charity  Annalen,  vol.  x,  p.  136.  Engel,  Deutsch.  med. 
Woch.,  1899,  p.  209.  Gabritschewskv,  Arch.  f.  exp.  Path.,  vol.  xxviii,  p.  83;  Zeit. 
f.  klin.  Med.,  vol.  xxWi,  p.  492.  Askanazy,  ibid.,  vol.  xxi,  p.  415.  MaragllaDo 
and  Castellino,  ibid.,  vol.  xxi,  p.  415. 

Diabetic  Chromatophilia. — Bremer  has  pointed  out  that  a  distinct 
difference  exists  in  the  affinity  of  diabetic  blood  for  certain  aniline 
dyes,  as  compared  with  non-diabetic  blood.  For,  whereas  non- 
diabetic  blood  is  readily  stained  with  Congo-red,  methyl  blue,  eosin, 
etc.,  diabetic  blood  is  distinctly  refractory,  while  such  dyes  as  Biebrich 
scarlet,  which  readily  stain  the  diabetic  blood,  do  not  color  non- 
diabetic  blood. 

Regarding  the  nature  of  the  substance  in  diabetic  blood  which  is 
responsible  for  this  peculiar  behavior,  little  is  known,  but  it  appears 
certain  that  the  reaction  is  not  dependent  upon  the  presence  of  glu- 
cose nor  upon  the  degree  of  alkalinity  of  the  blood,  as  suggested 
by  Lupine  and  Lyonnet.  Bremer's  claim  that  the  reaction  is  pathog- 
nomonic of  diabetes  and  glucosuria  and  may  even  yield  positive 
results  in  the  pre-diabetic  stage  of  the  disease,  and  when  the  sugar 
has  temporarily  disappeared  from  the  urine,  has  been  confirmed  in 
all  essential  points,  both  in  this  country  and  abroad.  A  few  inter- 
esting exceptions,  however,  have  been  noted.  In  animals,  for 
example,  in  which  glucosuria  has  been  artificially  produced  by 
means  of  phlorhizin,  the  reaction  does  not  occur,  whereas  in  phloro- 
glucin-diabetes  positive  results  are  obtained.  In  Bremer's  entire 
series  of  diabetic  cases  a  negative  result  was  obtained  but  once,  and 
in  this  instance  he  believes  that  the  diabetes  was  of  the  renal  type, 
and  analogous  to  the  phlorhizin-diabetes  of  animals.  He  suggests 
that  it  may  thus  be  possible  to  differentiate  this  form  from  the  hema- 
togenic variety,  using  the  latter  term  in  its  widest  sense.  I>^pine 
and  Lyonnet  report  a  positive  result  in  one  case  of  leukemia,  but 
Bremer  believes  this  to  have  been  due  to  faulty  technique.  Hartwig 
finds  that  Bremer's  reaction  is  constant  in  diabetes,  but  that  it  may 
also  occur  at  times  in  other  conditions. 

The  description  of  Bremer's  diabetic  blood  test  is  omitted  at  this 
place,  as  it  has  not  proved  practical  for  routine  work. 

For  a  consideration  of  the  technique  see  the  literature  below. 

Literature. — L.  Bremer,  "  An  Improved  Method  of  Diagnosticating  Diabetes 
from  a  Drop  of  BUxkI,"  N.Y.  Med.  Jour.,  1896;  Cent ralbl.  f.  inn.  Med.,  1897,  p.  521. 
liC  GofT,  React,  chrom.  du  sang  diabet.,  Paris,  1897.  Lupine  and  Lyonnet,  Lyon 
m^.,  vol.  Ixxxii,  p.  187.     Hartwig,  Deutsch.  Arch.  f.  klin.  Med.,  vol.  Ixii,  p.  287. 

Oraxmlax  Degeneration  of  the  Red  Cells.— Under  pathological 

conditions  red  cells  may  be  met  ynih  which  contain  basophilic  gran- 
ules. These  are  readily  stained  with  methylene  blue,  methylene  azure, 
thionin,  etc.  Methyl  green,  however,  which  is  a  s[>ecific  unclear 
dye,  does  not  stain  the  granules.     Their  size,  form,  and  number 
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are  variable.  While  the  majority  are  round,  others  are  rod-shaped 
or  biscuit-shaped.  The  largest  granules  are  found  in  pernicious 
anemia  and  in  cases  of  lead  poisoning  with  intestinal  manifes- 
tations. They  are  then  quite  readily  seen  and  attract  attention  at 
once  (Plate  III).  In  most  other  diseases  in  which  they  occur  they 
are  much  smaller,  and  on  superficial  examination  they  may  indeed 
be  overlooked;  some  cells  at  first  sight  merely  look  a  little  off-color, 
and  it  is  seen  only  on  very  careful  examination  that  the  apparent 
polychromasia  is  in  reality  due  to  the  presence  of  large  numbers  of 
minute  dots.  Very  often,  in  especially  anemic  cells,  the  granules 
are  arranged  in  the  peripheral  portion  of  the  cell.  Their  number 
is  exceedingly  variable;  generally  speaking,  it  depends  upon  their 
size;  when  they  are  especially  large  they  are  relatively  less  numerous. 

The  granules  may  occur  in  cells  of  normal  size  or  color,  in  poiki- 
locytes,  and  in  nucleated  led  cells,  both  of  the  normoblastic  and  the 
megaloblastic  type,  especially  the  former.  Not  infrequently  they 
are  seen  in  cells  which  are  markedly  polychromatic,  but,  like  Grawitz, 
I  do  not  believe  that  granular  degeneration  represents  a  phase  of 
polychromasia. 

In  disease  they  are  most  constant  and  numerous  in  pernicious 
anemia,  in  lead  poisoning,  and  in  malaria;  they  are  less  constant 
and  less  numerous  in  the  leukemias,  in  pseudoleukemia,  in  the 
cachexias  referable  to  septic  infection,  syphilis,  carcinomatosis,  and 
in  the  final  stages  of  tuberculosis.  In  chlorosis  and  in  the  anemia 
of  chronic  nephritis  they  are  absent;  in  two  cases  of  v.  Jaksch's 
anemia,  in  which  nucleated  red  cells  were  quite  numerous,  I  ob- 
tained negative  results. 

In  pernicious  anemia  granule  cells  are  frequently  found  in  the 
interval  and  at  a  time  when  the  blood  picture  is  othen^nse  practically 
normal.  I  have  seen  them  most  numerous  in  a  case  in  which  blood 
crises  occurred  from  time  to  time  (see  page  6());  almost  every  nor- 
moblast contained  granules;  non-nucleatecl  gnmule,  cells  were  how- 
ever, at  the  same  time  present  in  large  numbers  Late  in  the  disease, 
or  in  aplastic  pernicious  anemia,  granule  cells  in  my  experience 
may  be  absent. 

In  lead  poisoning  granule  cells  are  practically  found  without 
exception,  and  may  be  encountered  at  a  time  when  no  clinical  symp- 
toms are  manifest.  The  amount  of  lead  which  is  necessary  to  call 
forth  their  appearance  is  quite  small,  and  it  is  a  common  experience 
to  meet  with  a  small  number  after  the  adininistnition  of  lead  in 
medicinal  doses.  I  have  found  them  after  the  ingestion  of  only  0.5 
gram  given  in  divided  doses  in  the  course  of  forty-eight  hours.  In 
cases  of  lead  poisoning  they  persist  for  a  long  time  after  exposure 
has  ceased.  In  one  case  of  double  wrist-  and  ankle-drop  I  could 
still  demonstrate  granule  cells  after  five  months. 

In  malaria  granule  cells  are  also  common.     Plehn  found  them 
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in  Europeans  after  a  short  sojourn  in  the  tropics,  and  looked  upon 
the  granules  as  spores  of  the  malarial  parasite. 

In  septic  cases  and  in  the  cachexia  of  carcinomatosis  they  are  not 
numerous;  in  a  case  of  cancer  of  the  stomach  with  only  27  per  cent,  of 
hemc^lobin,  which  I  recently  observed,  I  found  no  granule  cells. 

In  the  early  stages  of  phthisis  granular  degeneration  is  not  seen, 
but  it  may  occur  later,  when  a  general  septicemia  has  supervened. 

Takasu*  notes  the  occurrence  of  granule  cells  in  infants  affected 
with  beriberi,  especially  in  the  acute  severe  cases.  The  same  appar- 
endy  occurs  in  the  adult. 

As  r^ards  the  significance  of  the  granules,  Engel,  Ehrlich,  and 
others  have  suggested  that  they  are  most  likely  products  of  karyor- 
rhexis.  Others  maintain,  and  I  think  rightly  so,  that  they  are  not 
of  nuclear  origin.  They  may  be  found  at  a  time  when  not  a  single 
nucleated  red  cell  is  demonstrable  in  the  blood  and  nucleated  red  cells 
may  be  seen  in  which  no  sign  of  karyorrhexis  is  manifest,  while  the 
body  of  the  cell  is  studded  with  granules.  They  may  be  found  in 
nucleated  cells  lidiich  are  undergoing  kan^okinetic  division.  Unlike 
the  nuclei  of  the  erythroblasts,  the  granules  have  no  affinity  for 
methyl  green,  which  is  a  specific  nuclear  dye.  This  can  be  shown 
very  well  by  staining  with  methyl-green-pyronin,  when  granular 
products  derived  from  nuclei  are  stained  green,  while  the  stippling 
in  the  same  cell  appears  red.  A  few  observers  claim  to  have  stained 
the  granules  with  methyl  green;  this  merely  shows  that  their  dyes 
were  contaminated  with  methylene  blue. 

According  to  Grawitz  and  others  granule  cells  are  not  commonly 
found  in  the  bone-marrow  even  when  thev  are  numerous  in  the  cir- 
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culating  blood;  when  they  do  occur,  they  are  not  more  numerous 
than  in  the  peripheral  vessek.  Grawitz  hence  regards  their  presence 
as  an  indication  of  a  degenerative  change  in  the  hemoglobin,  and 
speaks  of  the  phenomenon  as  "granular  degeneration."  Others 
regard  the  bone-marrow  as  their  place  of  formation.  Nageli^  thus 
comes  to  the  conclusion  that  thev  are  formed  in  the  bone-marrow, 
because  they  only  appear  in  artificial  lead  intoxication,  when  this 
is  continuously  established,  and  disappear  when  larger  dases  are  given. 
Preceding  the  death  of  the  animal  they  are  not  found.  Opposed  to 
the  peripheral  formation  of  the  granules  and  Grawitz's  degeneration 
hypoth^is  is  the  occurrence  of  granule  cells  in  die  blood  of  embryos. 
According  to  Pappenheim  stippling  is  not  found  in  erTthrobla.sts  in 
the  booe-marrow  under  normal  conditions,  but  onlv  when  there  is 
excessive  regeneration,  as  in  the  embryo,  in  pernicious  hemoh'tic 
anemia,  in  myelophthisic  neoplastic  anemia,  in  myelogenous  pseudo- 
leukemia and  lymphadenoid  leukemia  and  lymphosarcomatosLs  of  the 
bone-marrow.    Schmauch  has  observed  siiimlar  appearances  in  the 

*  Folia  haEmat ,  voL  i,  p.  501.  '  Munch,  med.  Woch.,  lllOI. 
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blood  of  healthy  cats,  and*Engel  has  described  the  occurrence  of 
granule  cells  in  the  blood  of  eariy  cat  embryos.  I  have  found  granule 
cells  in  the  blood  of  various  animals  and  occasionally  one  meets 
with  an  isolated  cell  in  apparently  normal  individuals. 

Whether  or  not  the  granule  cells  which  Vaughan^  has  demonstrated 
in  normal  wet  specimens  with  Unna's  polychrome  methylene  blue 
are  identical  with  the  variety  described  above  is  not  certain.  Their 
number  varied  quite  constantly  between  1.8  and  5  per  cent.  The 
examinations  were  conducted  with  wet  blood,  a  drop  of  the  staining 
fluid  being  placed  upon  the  site  of  the  puncture.  At  first  the  granules 
are  red,  but  after  some  time  they  change  through  a  purple  to  a  pro- 
nounced bluish.  Positive  results  were  also  obtained  under  various 
pathological  conditions,  especially  in  pernicious  anemia,  where  their 
number  was  about  ten  times  as  great  as  in  normal  blood.  In  new- 
bom  infants  they  average  4.7  per  cent.  Vaughan  regards  the  gran- 
ules as  nuclear  remains  and  states  that  he  rarely  found  stippling  and 
nuclei  in  the  same  cell.  In  my  own  experience  normoblasts  in 
pernicious  anemia  are  very  frequently  granular  (see  Plate  III). 
Analogous  results  have  been  obtained  by  Cadwalader.* 

Not  to  be  confounded  with  "granular  degeneration*'  is  the  stippling 
of  Schiiffner,'  Ruge,*  and  Goldhom,  which  is  seen  in  many  r^  cells 
infected  with  tertian  parasites.  This  is  brought  out  with  methylene 
azure  and  may  also  hide  the  parasite  from  view. 

Literature. — E.  Grawitz, ''  Ueber  kdmigeDegeneration  d.  rothen  Blutzellen," 
Deutsch.  med.  Woch.,  1899,  No.  36,  p.  585;  '*  Ivlinische  Redeutung  u.  experiment. 
Erzeugung  kQmiger  Degenerationen,"  etc.,  Berlin,  klin.  Woch.,  1900,  p.  181; 
"Granular  Degeneration  of  the  Ervthroc\'tes,"  etc.,  Amer.  Jour.  Med.  Sci.,  1900, 
vol.  cxx,  p.  277.  Bloch,  Deutsch.  med.  Woch.  1899,  V.  R.  p.  279.  Litten,  ibid.. 
No.  44.  Behrendt,  ibid.,  No.  44.  White  ana  Pepper,  "Granular  Degeneration 
of  the  Erythrocyte,"  Amer.  Jour.  Med.  Sci.,  1901,  vol.  cxxii,  p.  266.  C.  E.  Simon, 
International  Clinics,  1902,  vol.  i,  p.  69.  Stengel,  White,  anci  Pepper,  Amer.  Jour. 
Med.  Sci.,  1902,  vol.  cxxiii,  p.  873. 

Oabot's  Ring  Bodies. — Cabot  has  drawn  attention  to  the  occa- 
sional occurrence  in  red  cells  of  curious  ring  bodies  which  are  usually 
stained  red  with  Wright's  mo<lification  of  Leishman's  stain,  but 
which  may  also  take  on  a  blue  color.  He  found  such  rings  in  per- 
nicious anemia,  in  lead  poisoning,  and  in  lymphatic  leukemia.  I 
have  been  able  to  demonstrate  the  same  structures  with  the  eosinate 
of  methylene  blue,  and  could  verify  Cabot's  obser\^ation  that  they 
occur  in  granule  cells,  but  may  also  be  found  in  apparently  normal 
red  corpuscles  (Plate  III).  No  doubt  they  bear  some  relation  to  the 
nucleoids.     (See  Fig.  15.) 

Literature.— Cabot,  Jour.  Med.  Research,  1903,  vol.  ix. 

*  Jour.  med.  Res.,  December,  1903. 

'  Amer.  Jour.,  Februarv,  1905,  p.  213. 

'  Deutsch.  Arch.  f.  klin.' Med..  1899,  vol.  Ixiv,  p.  428. 

*  Zeit.  f.  Hyg.  und  Infect krht.,  1900,  vol.  xxxiii,  p.  178. 
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Ebrlkh's  Hsmoaglobiiumk  Iniunkdrper.  —  These  structures  may 
be  encountered  in  red  cells  in  conditions  associated  with  extensive 
hemocytolysis  the  result  of  specific  blood  poisons.  The  individual 
body  is  round  and  characterized  by  its  affinity  for  acid  dyes. 


m 


Fia.  15.— Cabot's  ring  bodim. 

Nndeated  Red  GorpiucleB.  Errthroblasts.— Nucleated  red  cor- 
puscles are  not  found  in  the  circulating  blood  of  normal  individuals, 
excepting  at  birth  and  during  the  first  days  of  life,  when  it  is  not 
unusual  to  meet  with  an  occasional  cell  of  this  type.  In  the  bone- 
marrow,  however,  they  are  always  found.  It  is  here  possible  to  dis- 
tinguish two  types,  viz.,  the  normoblast  and  the  megaloblast.  The 
tatter  is  ontc^netically  the  older  and  gives  rise  to  the  normoblast 
through  a  process  of  homoplastic  differentiation  by  cell  division; 
it  thus  bears  the  same  relation  to  the  normoblast  which  exists  between 
the  large  lymphocyte  and  the  small  lymphocyte,  and  the  amblyi^hro- 
matic  myelocyte  and  the  trachychromatic  myelocyte  (which  see). 
The  megaloblast  itself  results  from  the  large  lymphocyte  through 
direct  heteroplastic  transformation  and  ages  into  the  macrocyte, 
while  the  normoblast  amilarly  develops  into  the  normocyte.  {See 
schema  on  p.  72.) 

While  at  b  certain  period  of  embryonic  life  megaloblastic  blood 
corpuscle  formation  plays  a  prominent  role,  megaloblasts  are  found 
only  in  small  numbers  in  the  bone-marrow  of  the  normal  adult. 
Normoblasts,  on  the  other  hand,  are  numerous  and  control  the  usual 
red  corpuscle  production  exclusively. 

Tb«  Nwmobluts. — The  normoblasts  (see  Plate  III),  like  the 
normal  red  cells  of  the  circulating  blood,  have  a  diameter  which 
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varies  from  6  to  9  fi.  The  nucleus  in  the  youngest  cells  occupies 
a  central  position,  and  is  larger  and  relatively  poorer  in  chromatin 
than  in  the  older  cells,  where  it  is  frequently  located  eccentrically. 
The  size  varies  between  2  and  4  fi.  The  appearance  of  the  normo- 
blast in  the  peripheral  circulation  is  variable  (Plate  III).  In  most 
cases  young  cells  are  seen  with  a  radiary  arrangement  of  the  chro- 
matin and  polychromatophilic  protoplasm.  At  other  times  older 
cells  with  densely  staining  pyknotic  nuclei  and  oxyphilic  protoplasm 
are  encountered  and  again  we  may  meet  with  cells  in  which  manifest 
karyolysis  is  going  on,  as  evidenced  by  budding  of  the  nucleus  and 
diminished  chromatophilia.  Fragmentation  of  the  nucleus  (kaiyor- 
rhexis)  may  also  be  seen,  as  also  free  nuclei  as  such.  Mitoses  are  not 
uncommon  in  pernicious  anemia  and  leukemia.^ 

In  the  majority  of  cases  in  which  normoblasts  are  found  in  the 
blood  these  are  well  preserved,  but  in  myeloid  leukemia  more 
especially  it  is  common  to  meet  with  cells  in  which  the  protoplasm 
surrounding  the  nucleus  is  much  diminished  in  amount  and  presents 
a  ragged  outline.  These  cells  are  manifestly  degenerating,  and  in 
many  specimens  the  protoplasm  will  be  seen  reduced  to  a  little 
hood  which  is  attached  to  one  side  of  the  nucleus  (Plate  III). 
Such  cells  in  my  experience  are  always  polychromatophilic  and  are 
apt  to  be  mistaken  by  the  beginner  for  lymphocytes. 

The  occurrence  of  normoblasts  in  the  circulating  blood  is  always 
evidence  of  stimulation  of  the  bone-marrow,  which  may  occur  either 
indirectly,  as  the  result  of  an  "anemic"  condition  of  the  blood  (second- 
ary' myelopathy),  or  directly,  as  in  disease  of  the  bone-marrow  per  se 
(primar}'  myelopathy).  We  may  accordingly  meet  with  normo- 
blasts in  almost  any  form  of  anemia,  be  this  the  result  of  traumatism 
(posthemorrhagic),  of  inanition,  or  of  organic  disease. 

In  the  acute  forms  of  anemia  they  are  apt  to  be  most  numerous,  but 
even  in  the  more  chronic  cases  and  in  cachectic  conditions  specimens  of 
blood  mav  be  obtained  in  which  one  or  more  normoblasts  are  seen  in 
every  field.    In  the  secondarj'  anemias,  however,  they  are  less  common. 

In  active  cases  of  pernicious  anemia  and  the  different  leukemias 
nonnoblasts  are  quite  constantly  met  with  in  fairly  large  numbers. 
Their  continued  absence  in  pernicious  anemia  is  usually  evidence  of 
an  aplastic  condition  of  the  bone-marrow  and  a  bad  omen. 

At  times  there  occur  sudden  invasions  of  the  circulating  blood 
by  red  cells,  many  of  which  are  nucleated;  this  phenomenon  v. 
Noonlen  terms  a  hlood  crisis,  and  it  is  noteworthv  that  the  invasion 
of  the  reil  cells  may  be  preceded  and  accompanied  by  a  very  ex- 
tensive increase  of  the  leukocytes.  Ehrlich  cites  a  case  of  hemor- 
rhagic anemia,  reported  by  v.  Noorden,  in  which  at  the  time  of  such 
a  blood  crisis  the  normol)lasts  were  so  numerous,  while  hyperleuko- 

*  G.  Dock/'  Mitosis  in  Circulating  Blood,"  Trans.  Assoc.  Amer.  Phys.,  1902,  p.  484. 
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cytosis  of  a  high  grade  existed  at  the  same  time,  that  the  blood  con- 
dition strongly  suggested  the  existence  of  a  myeloid  leukemia.  The 
increase  of  the  red  cells  in  this  case  amounted  to  almost  double  their 
original  number. 

To  estimate  the  extent  of  a  blood  crisis,  the  following  examina- 
tions are  necessary  t 

(a)  A  determination  of  the  absolute  number  of  red  corpuscles. 

(6)  A  determination  of  the  ratio  between  the  white  and  red  cells. 

(c)  A  determination  of  the  ratio  between  the  nucleated  red  and  white 
cells. 

Example. — Supposing  that  in  a  given  case  3,500,000  red  corpus- 
cles are  found  in  the  cbmm.,  while  the  ratio  of  the  white  to  the  red 
corpuscles  is  1  to  100,  and  that  of  the  nucleated  red  to  the  white  1  to 
100;  3500  nucleated  red  corpuscles  must  hence  be  present  in  each 
cbmm.  of  blood — i.  e.,  1  for  each  1000  of  normal  red  corpuscles. 

The  Megaloblasts. — These  are  usually  from  two  to  three  times  as 
lai^  as  the  normoblasts,  and  may  attain  even  more  extensive  propor- 
tions (Ehrlich's  gigantoblasts).  (See  Plate  III.)  But  some  specimens 
are  only  a  very  little  if  at  all  larger  than  the  common  red  cells;  these 
probably  represent  young  daughter  cells.  The  megaloblasts  are 
provided  with  a  relatively  large  centrally  located  nucleus,  which  is 
wide-meshed  and  which  with  the  triacid  stain  is  not  colored  nearly 
so  deep^  as  the  normoblastic  nucleus.  In  some  specimens,  indeed, 
the  affinity  for  methyl  green  is  so  little  marked  that  at  first  sight  a 
nucleus  can  hardly  be  distinguished.  With  those  staining  mix- 
tures, on  the  other  hand,  which  contain  methylene  blue  as  base,  it 
can  always  be  fairly  well  made  out.  But  owing  to  the  fact  that  these 
cells  are  almost  invariably  polychromatophilic,  the  nucleus  may  at 
first  be  overlooked,  as  the  ploychromatic  protoplasm  appears  in  the 
meshes  of  the  nucleus  and  sometimes  differs  but  little  in  color  from 
the  chromatin.  The  inexperienced  not  infrequently  mistake  such 
cells  for  large  mononuclear  leukocytes  that  are  somewhat  off -color; 
the  character  of  the  nucleus,  however,  viz.,  its  vdde  mesh  work, 
should  prevent  this  mistake. 

Mitoses  in  megaloblasts  are  at  times  seen. 

As  already  mentioned  the  megaloblast  is  essentially  a  cell  of 
embryonic  life.  After  birth,  under  normal  conditions  a  few  megalo- 
blasts may  be  found  in  the  bkxxi  of  very  young  infants,  and  it  is 
noteworthy  that  in  the  severe  types  of  secondary  anemia  megalo- 
blasts are  far  more  apt  to  occur  in  children  than  in  adults.  But 
even  then  the<r  are  rare.  In  the  bone-marrow  of  the  adult  thev  are 
present  in  veiy  small  numbers.  According  to  Ehrlich,  the  presence 
of  megaloblasts  in  the  blood  is  evidence  of  a  reversion  of  blood 
formation  to  the  embiyonic  type  and  of  grave  prognostic  import. 
He  r^arded  their  presence  as  indicative  of  essential  pernicious 
anemia;  and,  as  a  matter  of  fact,  they  are  here  quite  constantly 
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met  with  and  represent  one  of  the  most  unportant  features  of  the 
disease.  They  are  rarely  numerous,  however,  and  there  are  cases 
in  which  they  are  absent^  (aplastic  anemia). 

The  modem  tendency  is  to  regard  the  appearance  of  megaloblasts 
in  the  blood  as  evidence  of  an  anemia  of  unusual  severity,  viz.,  as 
a  degenerative-regenerative  symptom,  and  not  as  an  indication  of 
any  one  disease.  While  they  are  undoubtedly  most  constant  in  per- 
nicious anemia,  they  may  also  be  met  with  in  other  forms.  They 
have  been  found  in  leukemia,  in  the  pseudoleukemia  of  infants,  in 
lead  poisoning,  and,  even  in  chlorosis,  and  as  I  have  pointed  out  already, 
in  some  of  the  severe  types  of  secondary  anemia  occurring  in  young 
children.  In  cancer  of  the  stomach,  according  to  Osier  and  McCrae, 
they  are  rarely  if  ever  found.  Askanazy^  has  reported  an  interesting 
case  of  bothriocephalus  infection  in  which  the  megaloblastic  type  of 
blood  regeneration  disappeared  after  expulsion  of  the  parasites — 
sixty-seven  in  number — and  was  replaced  by  the  normoblastic  type, 
the  case  ending  in  recovery. 

The  appearance  of  megaloblasts  in  extra-uterine  life  merely  in- 
dicates an  incomplete  maturation  of  young  elements,  their  consump- 
tion and  consequent  increased  production.  The  following  sketch, 
taken  from  Pappenheim,  gives  an  idea  of  the  relation  of  normoblasts 
and  megaloblasts  to  the  different  types  of  anemia: 

Under  normal  conditions  Pappenheim's  large  lymphocyte  (see 
schema,  p.  72)  gives  rise  to  the  young  megaloblast,  which  in  turn  dif- 
ferentiates itself  at  once  into  young  normoblasts.  The  young  normo- 
blast ages  to  the  pyknotic  normoblast  and  loses  its  basophilic  nuclein 
as  a  result  of  chemical  karjolysis.  In  this  manner  an  apparently 
non-nucleated  erythrocyte  results,  which  loses  its  nucleoid  later,  in  the 
blood,  as  blood  platelet  in  consequence  of  variations  in  the  tonicity  of 
the  plasma.  In  severe  toxogenic  anemias,  on  the  other  hand,  there  is 
an  arrest  of  development  upon  an  embryonic  basis.  A  certain  propor- 
tion of  young  megaloblasts  multiplies  homoplastically ;  another  portion 
matures  to  old  megaloblasts,  while  a  third  fraction  only  becomes 
differentiated  to  young  normoblasts.  Of  these  in  turn  one  portion 
matures  to  the  old  fonns,  which  dislodge  their  nuclei  in  the  anemic 
senim  in  toto,  while  another  portion  loses  the  nucleus  during  the 
process  of  hastened  maturation  by  karyorrhexis.  As  a  consequence 
many  of  the  anemic  normocytes  contain  no  nucleoids,  and  the  blood 
as  a  consequence  contains  only  small  numbers  of  blood  platelets. 

Pyknotic  normoblasts,  as  also  young  megaloblasts  (of  the  type  of 
the  large  Ivmphocyte),  may  thus  be  encountered  in  all  forms  of  severe 
anemia  of  whatever  origin.  In  the  kryptogenetic  type  of  pernicious 
anemia  and  bothriocephalus  anemia,  however,  old  megaloblasts  (of  the 

*  Pane,  "  Sull*  anemia  progressiva  mortalc  senza  corpuscoli  rossi,  nucleati  nel 
sangiie,"  Uifomi.  med.,  190(),  No.  263. 

*  Zeit.  f.  klin.  Med.,  1895,  vol.  xxvii. 
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type  of  the  large  mononuclear  leukocyte)  are  further  seen,  as  also 
young  normoblasts  (of  the  type  of  the  small  lymphocyte)  under- 
going karyorrhexis. 

Grenerally  speaking  the  number  of  erythroblasts  is  no  indication  of 
the  severity  of  the  case,  but  merely  indicates  the  extent  to  which  the 
bone-marrow  responds  to  the  blood  destruction.  The  appearance  of 
megaloblasts  is  hence  not  necessarily  an  absolutely  unfavorable 
symptom,  but  simply  the  expression  of  an  unusually  high  activity  of 
the  erythropoietic  tissue. 

In  cases  of  traumatic  anemia  unusually  small  nucleated  red  cells 
have  at  times  been  observed.  These  are  termed  microblasts.  They 
have  attracted  but  little  attention  and  are  quite  rare.  I  have  seen 
such  cells,  measuring  not  more  than  3  to  3.5  //,  in  a  case  of  pernicious 
anemia  at  the  time  of  the  blood  crisis,  when  large  numbers  of  normo- 
blasts were  also  present. 

The  Leukocytes. 
Oeneral  Characteristics.-— The  leukocytes,  or  white  corpuscles 

of  the  blood,  as  seen  in  the  wet  preparation  (Plate  II),  are  roundish 
or  irr^ularly  shaped  cells,  which  very  in  size,  but  for  the  most  part 
are  larger  than  the  red  corpuscles.  They  are  all  nucleated,  and,  as 
the  term  indicates,  devoid  of  coloring  matter.  In  a  general  way  they 
may  be  divided  into  two  distinct  classes,  viz.,  those  which  are  granular 
and  those  which  are  not  granular. 

The  granular  cells  (granulocytes)  are  by  far  the  most  numerous, 
and  are  characterized  by  the  fact  that  they  are  capable  of  active  loco- 
motion. Even  without  a  warm  stage  it  is  almost  always  possible  to 
observe  this  in  the  ordinary  wet  preparation.  The  moving  cells  at 
once  attract  attention  by  their  irregular  outline.  On  careful  exami- 
nation with  a  high  power  it  will  be  noted  that  the  cell  advances  in  a 
definite  manner,  which  is  quite  analogous  to  what  is  seen  in  the  ameba. 
The  protoplasmic  portion  manifestly  consists  of  two  parts,  viz.,  a  non- 
granular hyaline  ectosarc  and  a  granular  endosarc.  As  the  leukocyte 
progresses  the  hyaline  ectosarc  advances  with  a  flowing  motion,  form- 
ing a  distinct  layer  in  front  of  the  granular  endosarc,  which  itself  then 
merges  into  the  non-granular  portion.  The  moving  leukocyte  is 
roughly  pear-shaped,  with  the  base  in  advance,  while  the  rear  end 
tapers  markedly  and  frequently  seems  to  drag  behind  it  a  small, 
roundish  mass  which,  like  the  main  body  of  the  cell,  is  also  granular. 
These  granular  leukocytes  are  true  phagocytes  and  take  up  foreign 
matter  into  their  interior  like  amebas.  According  to  Metchnikoff ,  the 
phagocytic  function  is  the  most  important  function  of  the  leukocytes, 
and  the  outcome  of  a  bacterial  invasion,  figuratively  speaking,  will 
depend  upon  the  superiority  of  the  organisms  engaged  in  warfare. 

The  nucleus  of  the  granular  leukocytes  is  either  polymorphous — 
i.  e,,  it  is  composed  of  different  lobes  which  are  joined  together — or 
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it  may  be  multiple.  Such  cells  are  hence  spoken  of  as  polymorpho- 
nuclear and  polynuclear  leukocytes,  respectively.  The  polymorphous 
cells  represent  an  earlier  stage  in  the  development  of  the  polynuclear 
cell. 

While  the  granules  in  the  majority  of  the  leukocytes  are  fine  (Plate 
II),  on  careful  search  some  cells  will  be  found  in  which  they  are 
coarse  and  highly  refractive.  This  coarsely  granular  variety  is  very 
characteristic  in  appearance  and  at  once  attracts  attention.  The 
cells  are  far  less  numerous,  however,  and,  as  a  matter  of  fact,  represent 
only  from  1  to  4  per  cent,  of  the  total  number  of  the  leukocytes,  while 
the  finely  granular  variety  represents  from  60  to  70  per  cent. 

The  noiv-grantdar  leukocytes,  in  contradistinction  to  the  granular 
variety,  are  mononuclear,  with  very  little  tendency  to  polymorphism. 
They  are  quite  hyaline  in  appearance,  and  are  readily  overlooked  by 
the  beginner  unless  a  somewhat  subdued  light  is  used  in  the  exami- 
nation. Two  varieties  may  be  recognized :  one  about  the  size  of  a  red 
corpuscle,  the  other  somewhat  larger.  The  nucleus  in  both  varieties 
occupies  a  considerable  portion  of  the  cell  and  is  surrounded  by  a 
layer  of  protoplasm  which  is  practically  hyaline.  Every  cell,  it  is 
true,  contains  a  few  granules  collected  at  a  certain  point  along  the 
periphery,  where  the  protoplasm  is  more  extensively  developed  than 
elsewhere;  but  these  granules,  in  contradistinction  to  those  which  we 
see  in  the  polynuclear  varieties,  probably  represent  nodal  points  in  the 
cytoreticulum,  and  not  a  specific  secretory  product,  as  which  Ehrlich 
and  his  school  view  the  granules  of  the  polynuclear  variety.  In  the 
small  mononuclear  form  one  or  sometimes  two  small,  brownish 
granules  can  usually  be  discerned  somewhere  in  the  peripheral  layer 
of  the  protoplasm.  Of  the  significance  of  this  granule,  so  far  as  I 
am  aware,  nothing  is  known,  nor  has  its  presence  been  previously 
described  (Plate  II). 

The  non-granular  mononuclaer  leukocytes,  in  contradistinction  to 
the  polynuclear  granular  variety,  were  formerly  regarded  as  non- 
motile.  Jolly,  Wolff,  and  others  have  shown,  however,  that  they  also 
are  capable  of  changing  their  form  even  though  progressive  loco- 
motion may  not  occur.  The  change  in  form  can  readily  be  demon- 
strated even  without  a  warm  stage,  and  it  will  be  obsen^ed  that  the 
nucleus  takes  an  active  part  in  these  changes. 

Classification. — While  it  is  possible  to  distinguish  the  different 
varieties  of  leukocytes  in  the  wet  and  unstaineil  preparation,  a  more 
complete  picture  of  the  structure  of  the  individual  forms  may  be 
obtained  from  a  study  of  stained  preparations.  The  study  of  such 
preparations,  moreover,  forms  the  most  satisfactorj'  basis  for  the 
classification  of  the  different  forms.  We  distinguish  the  following 
varieties: 

1.  The  Lymphoc3rtes  (Small  Mononuclaer  Leukocjrtes,  or  Micro- 
lymphocjTtes)    (Plate  IV). — The  lymphocytes  which  occur  normally 
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in  the  blood  are  for  the  most  part  a  little  smaller  than  the  red  corpuscles 
or  of  equal  size.  The  nucleus  is  single  and  surrounded  by  a  narrow 
rim  of  protoplasm  which  is  generally  described  as  non-granular; 
but,  as  I  have  pointed  out,  a  few  granules  can  almost  always  be  made 
out  in  the  wet  preparation  at  a  certain  point  along  the  periphery, 
where  the  protoplasm  is  a  little  more  extensively  developed.  These 
granules,  however,  probably  represent  nodal  points  of  the  cytoreticu- 
lum,  and  are  not  to  be  regarded  as  in  any  way  analogous  to  the  granules 
which  are  met  with  in  the  polynuclear  leukocytes.  Nucleus  and  pro- 
toplasm are  both  basophilic,  and,  generally  speaking,  the  protoplasm 
is  so  more  markedly  than  the  nuclus.  This  is  best  seen  in  specimens 
that  have  been  stained  with  a  methylene-blue  mixture,  where  the  lym- 
phocytes for  the  most  part  present  a  comparatively  feebly  staining 
nucleus  which  is  surrounded  by  a  rim  of  dark  blue.  Other  cells 
belonging  to  the  same  group,  however,  will  also  be  seen  in  which  this 
is  not  marked,  but  in  which  the  staining  affinities  of  both  nucleus  and 
protoplasm  appear  about  the  same  or  in  which  the  protoplasm  may 
even  be  lighter  in  color.  These  cells  are  generally  a  little  larger  than 
the  first  variety,  with  a  somewhat  broader  zone  of  protoplasm  and  an 
eccentric  position  of  the  nucleus.  They  represent  a  later  stage  in  the 
development  of  the  deeply  staining  cell,  and  are  sometimes  termed 
medium-sized  lymphocytes.  A  still  larger  form  may  also  be  met  with, 
but  is  rarely  seen  under  normal  conditions.  The  staining  properties 
of  these  large  lymphocytes  {macrolymphocytes)  are  essentially  the  same 
as  those  of  the  smaller  varieties.  The  position  of  the  nucleus  may  be 
either  concentric  or  eccentric,  as  in  the  smaller  forms,  and  a  nucleolus 
is  frequently  demonstrable.  .  This  large  type  is  notably  seen  in  acute 
lymphatic  leukemia,  where  it  is  usually  the  predominating  celt.  In 
smaller  numbers  it  is  also  found  under  other  pathological  conditions 
which  are  associated  with  a  hyperplasia  of  the  lymphadenoid 
tissue. 

According  to  Pappenheim,  the  large  lymphocyte  represents  the 
ancestral  cell  (Ur  orStammzelle),  from  which  all  other  leukocytes,  as 
well  as  the  red  cells,  aie  indirectly  derived  as  the  result  of  heteroplastic 
differentiation.  (See  schema,  p.  72.)  The  large  lymphocytes 
are  identical  with  Benda's  lymphogonia,  Troje's  lymphoid  marrow 
cells,  Nageli's  myeloblasts  and  the  undifferentiated  lymphoid  cell  of 
Michaelis,  Wolflf,  and  Turck. 

With  certain  dyes,  like  methylene  blue,  the  protoplasm  of  the 
lymphocytes  does  not  appear  perfectly  homogeneous,  but  presents  a 
peculiar  granular  appearance.  This  is  referable  to  nodal  points  of 
the  cytoreticulum  and  does  not  represent  a  true  granulation.  With 
methyl  green,  and  hence  with  Ehrlich's  triacid  stain,  the  protoplasm 
is  perfectly  homogeneous  and  appears  as  a  pale  rim  about  the  some- 
what more  deeply  staining  nucleus.  While  it  is  thus  impossible 
with  the  usual  dyes  to  demonstrate  the  existence  of  a  tnie  granula- 
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tion  in  the  lymphocytes,  Michaelis*  has  called  attention  to  the  fact 
that  with  eosin-methylene-azure  solutions  (p.  132)  distinct  granules 
can  be  seen  (azurophilic  granules).  Their  significance,  however, 
has  not  been  established.  Very  curiously  these  granules  could  not  be 
demonstrated  in  the  lymphocytes  obtained  from  the  lymph  glands 
directly,  and  it  appears  that  they  are  present  in  only  a  certain  percent- 
age of  those  occurring  in  the  blood.  The  number  of  granules  in  a  cell 
is  variable;  in  some  only  two  or  three  are  seen,  while  in  others  the 
protoplasm  is  literally  studded  with  them.  Their  size  varies  between 
that  of  the  common  neutrophilic  and  that  of  the  eosinophilic  varieties 
(Plate  V). 
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In  wet  specimens,  as  I  have  pointed  out,  one  or  two  reddish- 
brown  granules  are  quite  commonly  seen  in  most  of  the  lymphocytes. 
In  stained  preparations  these  cannot  be  demonstrated. 

The  outline  of  the  cell  in  the  smaller  forms  is  usually  fairly  smooth, 
but  in  the  larger  varieties  it  is  often  shaggy,  and  at  times  specimens 
are  seen  with  a  number  of  distinct  knobs. 

The  nucleus,  in  the  smaller  forms  espec*ially,  is  concentrically 
located,  while  in  the  larger  varieties,  in  which  the  protoplasm  is 
more  extensively  developed,  it  commonly  occupies  an  eccentric 
position.  In  the  stained  specimens,  esj>e('ially  in  the  larger  cells,  it 
is  sometmies  surrounded  bv  a  faint  areola,  which  is  probably  owing 
to  artificial  retraction.  The  nucleus  is  more  conimonlv  oval  or  bean- 
shaped  than  round;  deep  invaginations  are  not  often  seen  and  frag- 
mentation of  the  nucleus  is  rare.  Such  cells  present  an  appearance 
which  is  altogether  different  from  that  of  the  true  polynuclear  elements. 

Lvmphocytes  undergoing  mitosis  are  sometimes  seen  in  the  blood 
of  lymphatic  leukemia.  Characteristic  figures,  however,  are  com- 
paratively rare,  and  it  is  more  common  to  meet  with  cells  in  which 

*  Michaelis  and  WolfT,  A'irchow's  Arcbiv,  1902,  vol.  clxvii,  |\  151. 
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division  of  the  nucleus  has  already  occurred  (Plate  IV).  In  hema- 
toxylin-eosin  specimens  it  is  usually  possible  to  demonstrate  a  nu- 
cleolus, but  in  eosin-methylene-blue  preparations  my  experience 
has  been  that  they  are  not  usually  seen  in  the  lymphocytes  of  the 
normal  blood,  and  seem  to  be  comparatively  infrequent  also  in  the 
blood  of  lymphatic  leukemia.  Occasionally,  however,  specimens  are 
met  with  in  which  they  are  distinct,  and  at  the  same  time  multiple; 
in  such  cases  active  cell  division  seems  to  take  place  in  the  circulating 
blood. 

In  adults  the  number  of  the  lymphocytes  normally  varies  between 
20  and  30  per  cent.  Higher  values  are  found  in  yoimg  children, 
especially  during  the  first  year  of  life,  when  the  lymphocytes  con- 
stitute from  50  to  60  per  cent,  of  the  total  number.  At  birth,  now- 
ever,  they  are  less  numerous  than  in  adult  life,  viz.,  only  about  15  to 
16  per  cent.  Later  they  increase  and  by  the  twelfth  day  it  is  usual  to 
have  from  40  to  50  per  cent.  After  the  fifth  year  adult  values  are 
normally  the  rule. 

In  disease  the  number  of  the  lymphocytes  may  be  increased  or 
diminished,  conditions  which  are  spoken  of  respectively  as  lympho- 
cytosis and  lymphopenia. 

While  it  was  formerly  supposed  that  the  lymphocytes  originate 
only  in  the  lymph  glands  proper,  there  is  evidence  that  they  may 
be  formed  wherever  there  is  lymphoid  tissue,  and  hence  also  in  the 
spleen  and  in  the  bone-marrow.  They  are  probably  derived  from 
the  large  lymphocytes  of  the  germinal  centres  indirectly  through  a 
process  of  differentiating  karyokinesis,  and  represent  fully  differ- 
entiated cells  which  are  incapable  of  further  development. 

2.  The  Large  Mononuclear  Leukocytes  (Splenocytes). — These  are 
mostly  two  or  three  times  as  large  as  the  red  corpuscles  and  pro- 
vided with  a  large  single  nucleus,  which  is  surrounded  by  a  relatively 
wide  zone  of  non-granular  protoplasm  (Plate  V).  The  nucleus  in 
some  cells  is  oval  or  elliptical,  while  in  others  it  is  more  or  less  invagi- 
nated  (Ehrlich's  transition  forms). 

In  the  wet  preparation  the  large  mononuclear  leukocytes  are 
exceedingly  hyaline,  so  that  they  are  readily  overlooked  by  the 
banner.  Both  nucleus  and  protoplasm  are  basophilic,  but  much 
less  markedly  so  than  in  the  lymphocytes,  and  it  is  noteworthy  that 
the  protoplasm  usually  possesses  a  less  marked  affinity  for  the  basic 
dye  than  the  nucleus.  Cells  are  also  met  with,  however,  in  which 
the  affinity  for  the  dye  is  about  the  same  in  both.  If  by  chance  this 
occurs  in  specimens  which  are  somewhat  smaller  than  usual,  a  certain 
amount  of  difficulty  arises  in  differentiating  such  small  "large"  mono- 
nuclear leukocytes  from  the  older  lymphocytes.  A  haid-and-fast 
line  of  distinction  cannot  here  be  drawn,  and  in  every  differential 
leukocyte  count  the  personal  equation  will  of  necessity  enter  into 
consideration.     The  salient  characteristics  of  the  two  tj^es  should, 
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however,  be  borne  in  mind;  in  the  lymphocytes  the  protoplasm  is 
but  feebly  developed  in  relation  to  the  size  of  the  nucleus,  while  in 
the  large  mononuclear  leukocyte  the  reverse  is  true.  The  proto- 
plasm in  the  latter,  moreover,  is  apparently  much  more  delicate  in 
structure,  and  is  readily  wrinkled  by  contact  with  adjacent  cells; 
not  infrequently  cells  of  this  type  are  found  which  have  manifestly 
been  torn  or  otherwise  injured  during  the  preparation  of  the  speci- 
men; the  lymphocytes,  on  the  other  hand,  are  usually  well-preserved 
and  clear-cut,  sharply  defined  cells. 

In  preparations  that  have  been  stained  with  Ehrlich's  triacid  both 
nucleus  and  protoplasm  are  very  faintly  colored  and  the  latter  appears 
perfectly  homogeneous;  but  in  specimens  which  have  been  stained 
with  mixtures  containing  methylene  blue  as  the  basic  component, 
the  protoplasm  presents  a  soniewhat  granular  appearance,  which,  as 
in  the  lymphocytes,  is  referable  to  the  existence  of  a  cytoreticulum. 
A  certain  proportion  of  the  large  mononuclear  leukocytes  (including 
the  transition  forms),  as  in  the  case  of  the  lymphocytes,  also  contain 
azurophilic  granules. 

Inclusive  of  the  transition  forms  the  large  mononuclear  leukocytes 
normally  represent  from  1  to  6  per  cent,  of  the  total  number.  TTiey 
are  relatively  more  numerous  in  young  children,  in  whom  the  highest 
values  are  found  between  the  sixth  and  ninth  day  after  birth.  Many 
of  the  cells  at  this  time  are  of  the  type  of  the  transition  form ;  they 
may  number  18  per  cent.;  but  even  in  older  children  one  commonly 
finds  a  larger  proportion  of  these  cells  than  in  adults. 

According  to  Pappenheim  the  large  mononuclear  leukocytes  develop 
directly,  cytogenetically,  from  the  **  large"  lymphocytes,  and  then  age 
into  the  "transition  forms*'  which  represent  the  final  stage  in  the 
development  of  this  type.  The  former  view,  according  to  which  the 
large  mononuclear  leukocyte  develops  directly  cytogenetically  from  the 
small  lymphocyte  and  later  ages  into  the  polynuclear  neutrophile,  has 
been  abandoned. 

For  the  most  part  the  large  mononuclear  leukocytes  develop  in  the 
spleen  (hence  the  terra  splenocytes). 

3.  The  Neutrophilic  Polynuclear  Leukocytes  (Plate  VI). — These 
cells  are  a  little  smaller  than  the  large  mononuclear  leukocytes  and 
represent  the  finely  granular  variety  already  mentioned.  They  are 
active  phagocytes  and  as  such  capable  of  progressive  locomotion. 
The  nucleus  in  the  younger  cells  is  polymorphous,  while  the  older 
cells  are  actually  poljTiuclear,  the  number  of  lobes  varying  from  two 
to  six.  In  stained  specimens  the  nucleus  shows  a  coarsely  reticular 
structure  with  nodal  thickenings  and  is  very  markedly  basophihc. 
The  protoplasm,  on  the  other  hand,  is  verj^  feebly  oxyphilic. 

Embedded  in  the  protoplasm  are  numerous  fine  granules — the 
e-granulation  of  Ehrlich — which  are  characterized  by  their  affinity 
for  neutral  dyes.     Hence  the  term  polynuclear  neutrophilic  leukocytes. 
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a,  polynuclear  neutrophilic  leukocytes;  ft,  polynuclear  eosinophilic  leukocytes;  c,  mast-cells; 
(f,  young  eosinophilic  myelocytes;  e,  neutrophilic  myelocytes;  /,  the  nucleus  here  has  just  undergone 
division;  the  clear  space  is  a  vacuole. 
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These  granules  are  ordinarily  very  abundant;  but  in  disease  they 
may  diminish  in  number  until  very  few  are  left,  and  in  some  cases 
they  may  indeed  be  absent.  Ewing^  has  called  especial  attention  to 
the  decrease  in  the  number  of  the  granules  in  the  acute  leukocytosis. 
I  have  observed  total  absence  of  granules  in  a  case  of  trichinosis  at  a 
time  when  marked  eosinophilia  existed.  Kast  mentions  an  instance 
of  general  carcinomatosis  with  a  leukocytosis  of  120,000  in  which 
1.68  per  cent,  of  the  cells  contained  no  granules.  Hirschfeld  de- 
scribes the  same  occurrence  in  connection  with  growths  involving  the 
bone-marrow,  and  others  have  noted  it  in  myeloid  leukemia,  where 
toward  the  end,  in  chronic  cases,  it  is  a  fairly  common  phenomenon. 

Associated  with  the  diminution  in  the  number  of  the  granules  there 
are  frequently  also  degenerative  changes  affecting  the  nuclei.  These 
may  be  of  the  type  of  karyolysis  with  swelling  and  loss  of  chromatin, 
or  of  karyorrhexis  with  hyperchromatosis  and  fragmentation  of  the 
nucleus.  The  former  is  the  more  usual  in  the  acute  leukocytoses, 
while  the  latter  is  seen  especially  in  leukemia.  In  cases  of  the  myeloid 
variety  it  is  quite  common  to  note  complete  fragmentation  of  the 
nucleus  into  six  to  ten  segments.  This  phenomenon  was  first  observed 
by  Ehrlich  in  a  case  of  hemorrhagic  smallpox,  and  is  of  common  occur- 
rence  in  fresh  exudates.  Cell  degeneration  associated  with  loss  of 
chromatin  and  swelling,  while  it  no  doubt  occurs  to  a  greater  degree 
in  disease,  may  also  be  observed  under  normal  conditions. .  In  every 
dried  and  stained  specimen  a  certain  number  of  such  cells  will  be  found 
in  which  the  nucleus  appears  as  a  much  swollen  and  but  faintly  stain- 
ing shadow,  the  KemschaUen  of  the  Germans,  sometimes  surrounded 
by  some  of  the  granules,  which  appear  scattered  as  though  the  cell 
had  been  burst  asunder  by  force;  at  other  times  the  Kemschatten 
alone  remains  and  nothing  is  seen  of  the  body  of  the  cell. 

I  have  stated  that  the  loss  of  granules  on  the  part  of  these  cells 
may  go  on  to  a  point  where  they  are  absent  altogether.  It  may 
happen,  however,  that  the  granules  are  only  apparently  absent,  and 
merely  do  not  react  as  usual  with  ordinary  dyes.  A  proper  explana- 
tion of  this  peculiar  behavior  cannot  be  given,  but  every  worker 
in  blood  is  no  doubt  familiar  with  the  phenomenon.  Sometimes  a 
change  in  the  mode  of  fixation  yAW  cause  the  granulation  to  appear; 
at  other  times  it  may  be  demonstrated  by  the  aid  of  some  other  dye. 

Vacuolization  of  the  polynuclear  leukocytes  is  very  much  less 
common  than  in  the  case  of  the  mononuclear  elements. 

While  the  neutrophilic  leukocytes  as  a  general  rule  are  large  cells, 
unusually  small  specimens  are  seen  in  the  blood  of  myeloid  leukemia. 
These  dwarf  forms  must  not  be  mistaken  for  the  small  cells  which  one 
may  find  in  any  specimen  of  blood  where  it  is  thick  and  where  the  pro- 
cess of  drying  has  occurred  slowly.     In  cells  of  this  latter  order  the 

*  Clinical  Pathology  of  the  Blood,  Lea  Bros.,  1st  ed.,  p.  113 
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staining  of  the  granules  is  also  frequently  deficient  or  they  may  not 
show  at  all. 

Neusser^  some  years  ago  called  attention  to  the  fact  that  with  a 
certain  modification  of  £lu*lich's  triacid  stain  it  is  possible  to  demon- 
strate the  presence  of  basophilic  granules  about  the  nucleus  of  some 
of  the  polynuclear  leukocytes,  as  well  as  the  mononuclear  elements. 
He,  as  well  as  Kolisch,^  regarded  the  presence  of  these  perinuclear 
granules  as  characteristic  of  the  so-called  uric  acid  diathesis.  As 
tubercular  disease,  moreover,  is  usually  not  seen  in  such  cases,  Neus- 
ser  thought  the  presence  of  these  granules  in  cases  of  phthisis  to  be 
a  favorable  symptom.  Futcher,'  on  the  other  hand,  wa3  unable  to 
confirm  these  observations,  and  my  own  investigations^  are  likewise 
opposed  to  Neusser's  conclusions.  I  was  able  to  demonstrate  the  gran- 
ules  both  in  health  and  disease  in  almost  every  case,  and  was  at  one 
time  even  led  to  think  that  their  absence  was  of  more  significance  than 
their  presence.  A  relation  between  their  presence  and  the  elimina- 
tion of  uric  acid  or  xanthin  bases  certainly  does  not  exist.  Within 
recent  years  the  subject  has  received  no  further  attention,  especially 
since  Ehrlich  expressed  the  beUef  that  the  granules  are  artefacts. 
He  states  that  they  are  only  exceptionally  seen  when  solutions  of 
chemically  pure  crystalline  dyes  are  used,  from  the  Actiengesellschaft 
fiir  Anilinfarbstoffe  in  Berlin. 

The  polynuclear  neutrophilic  leukocytes  are  derived  from  corre- 
sponding mononuclaer  forms — the  neutrophilic  myelocytes — ^which 
are  normally  found  only  in  the  bone-marrow.  They  result  from 
these  directly  and  represent  their  adult  form. 

Ameth*  divides  the  polynuclear  neutrophiles  into  five  classes  accord- 
ing to  the  number  of  nuclear  lobes.  Under  normal  conditions  the 
percentage  numbers  of  the  different  varieties  remain  fairly  constaiit 
for  one  and  the  same  individual,  but  var}'  somewhat  in  diflferent  people. 
The  first  class  is  represented  by  mononuclear  forms  and  is  subdivided 
into  (a)  mononuclear  forms,  corresponding  to  and  identical  with  Ehr- 
lich's  myelocytes  (see  below);  {h)  forms  with  but  slightly  indented 
nuclei,  the  invagination  not  extending  to  a  greater  depth  than  the 
middle  of  the  nucleus  (the  vietamyelocyies);  (c)  cells  in  which  the 
invagination  extends  farther  than  in  form  (6),  but  in  which  no  separa- 
tion into  isolated  loops  or  lobes  has  as  yet  occurred — the  true  poly- 
vwrphonuclear  variety.  The  two  first  varieties  are  essentially  only 
seen  under  abnormal  conditions,  although  an  occasional  metamyelo- 
cyte may  at  times  he  encountered  in  health.  Cells  of  type  (c)  are 
present  to  the  extent  of  4  to  9  per  cent.  The  second  class  com- 
prises cells  with  two  distinct  nuclear  fragments,  which  may  appear 

>  Wien.  klin.  Woch.,  1894,  n.  71.  '  Ibid.,  189.-),  p.  797. 

^  Johns  Hopkins  Hosp.  Bull.,  May,  1897. 

*  Anier.  Jour.  Met!.  Sci.,  vol.  cxvii,  p.  139. 

*  Dio  neutrophilen  wcissen  Hlutkorperchen.  (».  Fischer,  Jena,  1904. 
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either  as  two  loops  or  two  lobes.  They  constitute  from  21  to  47 
per  cent;  the  number,  as  already  stated,  varies  somewhat  with  the 
individual,  but  is  quite  constant  for  one  and  the  same  person.  In 
this  class  the  cells  with  two  loops  normally  always  exceed  those 
with  one  loop  and  one  lobe,  while  true  bilobes  are  rare.  The  third 
class  presents  three  nuclear  divisions  and  can  be  subdivided  into 
four  groups  in  accordance  with  the  number  of  loops  or  lobes  (see 
p.  81).  Cells  with  two  lobes  and  one  loop  approximate  those  with 
two  loops  and  one  lobe,  while  cells  with  three  loops  or  three  lobes 
respectively  are  in  the  minority.  Conjointly  the  groups  of  the'  third 
class  represent  33  to  48  per  cent.  Their  number  thus  about  equals 
that  of  group  two,  but  has  a  tendency  to  he  somewhat  in  advance. 
The  fourth  class  is  provided  with  four  nuclear  divisions  with  five 
subgroups  and  numbers  9  to  23  per  cent.  The  fifth  class  finally 
comprises  cells  with  five  or  more  nuclear  subdivisions  and  may  be 
suixlivided  according  to  the  same  principle.  Only  2  to  4  per  cent, 
of  the  neutrophiles  normally  belong  to  this  order.  The  various 
classes  as  just  described  represent  different  stages  in  the  develop- 
ment of  the  neutrophilic  cells,  the  myelocytes  on  the  one  hand  being 
the  youngest,  and  the  polynuclear  leukocytes  with  many  lobes  the 
oldest. 

The  polynuclear  neutrophiles  are  the  most  conunon  leukocytes  of 
the  blood  and  normally  constitute  from  60  to  70  per  cent,  of  the 
total  number.  In  young  children  they  are  relatively  less  numerous 
excepting  during  the  first  twenty-four  hours  of  life,  when  they  may 
number  73  per  cent.  But  they  rapidly  diminish,  so  that  values  of 
from  20  to  40  per  cent,  may  be  regarded  as  normal  during  the  first 
year.  Low  values  continue  practically  to  the  twelfth  year,  though 
the  numbers  gradually  rise.  From  the  twelfth  to  the  fourteenth  year 
60  per  cent,  may  be  regarded  as  an  average;  after  that  age  the  values 
given  for  the  adult  hold  good. 

4.  The  Polynuclear  Oxyphilic  or  Eosinophilic  Leukocytes  (Plate  VI). 
— In  size  and  general  appearance  these  cells  resemble  the  polynuclear 
neutrophiles,  and,  like  these,  are  capable  of  progressive  locomotion. 
'^The  granules — the  a-granulation  of  Ehrlich — however,  are  much 
larger  and  highly  refractive,  and  possess  a  marked  affinity  for  acid 
dyes,  such  as  acid  fuchsin  and  eosin.  Hence  the  term  oxyphilic 
or  eosinophilic  leukocytes.  With  neutral  dyes  or  basic  dyes  they 
will  not  stain.  ITie  appearance  of  the  individual  granules  varies 
somewhat  in  stained  preparations.  Some  are  round,  others  oval; 
some  appear  to  stain  throughout,  others  make  the  impression  of 
little  vesicles  with  a  limiting  membrane,  which  alone  takes  the  dye, 
while  the  interior  remains  unstained.  This  bleb-like  appearance 
of  the  granule  is  one  of  the  most  marked  characteristics.     Barker* 

• 

*  Johns  Hopkins  Hosp.  BiJi.,  1894,  p.  93. 
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has  shown  that  the  granules  contain  iron.  They  are  insoluble  in 
ether  and  cannot  be  stained  with  osmic  acid.  They  are  therefore 
not  composed  of  fat. 

The  protoplasm  of  the  eosinophilic  leukocytes  is  usually  almost 
altogether  hidden  from  view,  owing  to  the  dense  packing  of  the 
granules;  it  is  slightly  basophilic.  The  nucleus  is  mostly  bilobed, 
sometimes  trilobed,  and  in  stained  specimens  it  is  quite  common 
to  find  the  individual  lobes  unconnected  by  threads  of  chromatin; 
often  the  two  lobes  are  situated  at  opposite  poles.  As  a  rule  the 
nucleus  is  less  markedly  basophilic  than  that  of  the  neutrophilic 
variety.     A  nucleolus  is  not  seen. 

The  same  degenerative  changes  which  have  been  described  in  con- 
nection with  the  polynuclear  neutrophiles  may  also  be  observed  in 
the  eosinophiles,  and  here,  as  there,  one  can  at  times  note  a  material 
diminution  in  the  number  of  the  granules.  I  haVe  never  observed 
their  entire  absence,  however,  and  it  is  noteworthy  that  in  those 
cases  of  chronic  leukemia  in  which  the  neutrophilic  granulation  may 
disappear  the  eosinophilic  variety  remains. 

While  the  common  eosinophile  is  a  large  cell,  unusually  small  eosino- 
philes  are  frequently  seen  in  the  blood  of  myeloid  leukemia.  These 
should  not  be  confounded  with  the  small  forms  which  may  be  seen  in 
the  thicker  portions  of  almost  any  normal  specimen,  and  which  latter 
owe  their  small  size  to  a  gradual  contraction  during  the  process  of 
drying. 

Under  normal  conditions  the  percentage  of  the  eosinophiles  varies 
between  1  and  4. 

While  repeated  attempts  have  been  made  to  connect  the  eosino- 
philic leukocjies  of  the  blood  cytogenetically  with  the  neutrophilic 
variety,  there  is  no  satisfactory  evidence  to  support  this  view.  On 
the  contrary^  there  are  strong  reasons  for  believing  with  Ehrlich 
that,  analogous  to  the  neutrophilic  variety,  the  polynuclear  eosino- 
philes are  normally  formed  in  the  bone-marrow,  and  here  only  from 
mononuclear  eosinophilic  cells — the  eosinophilic  myelocytes, 

5.  The  Mast-cells  (Polynuclear  Basophilic  Leukocytes)  (Plate  VI). 
— The  mast-cells  which  are  normally  found  in  the  blood  are  approxi- 
mately of  the  same  size  as  the  pol\Tiuclear  neutrophiles  and  eosino- 
philes. In  myeloid  leukemia,  however,  in  which  they  are  espe- 
cially numerous,  the  size  is  more  variable;  on  the  one  hand,  they  may 
measure  only  3.5  //  in  diameter,  while  on  the  other  they  may  attain 
a  dimension  of  22  /i.  The  nucleus  is  ])olymorj^hous;  but  the  ten- 
dencv  to  form  individual  lobes  is  far  less  marked  than  in  the  corre- 
sjKMiding  eosino})hilic  and  neutrophilic  elements.  Quite  commonly 
it  is  leaf-like  and  flat  in  appearance.  Its  affinity  for  basic  dyes  is 
quite  feeble,  so  that  it  is  often  difficult  in  stained  preparations  to 
make  out  the  boundar}^  line  between  nucleus  and  ])rot()plasm.  It  is 
almost  alwavs  excentricallv  located  and  usually  has  a  fairly  uniform 
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diameter  of  4  fi.  In  the  smaller  specimens  the  nucleus  occupies 
almost  the  entire  cell. 

Embedded  in  the  protoplasm  lie  granules  of  variable  size — the 
Y  granulation  of  EhrUch — some  of  which  are  fully  as  large  as  or  even 
larger  than  the  eosinophiUc  granules,  while  others  are  much  finer. 
They  are  characterized  by  their  affinity  for  basic  dyes  and  the  fact 
that  with  certain  ones  they  stain  metachromatically,  viz.,  in  a  color 
which  is  different  from  that  of  the  dye  itself,  which  latter  must  be 
simple  and  not  compound.  Tissue  elements  which  will  stain  in  this 
manner  are  spoken  of  as  chromotropic  elements.  Only  a  limited 
number  of  dyes  have  metachromatic  properties.  The  most  notable 
ones  are  the  violet  basic  dyes  hexamethyl  violet,  creayl  violet,  thionin, 
•neutral  violet,  and  amethyst  violet;  further,  the  blue  dyes  methylene 
azure,  cresyl  blue,  and  toluidin  blue,  and  the  red  basic  dyes  pyronin, 
acridin  red,  neutral  red,  and  saffranin.  With  the  latter  group  the  mast- 
cell  granules  are  colored  yellow,  with  most  of  the  violet  dyes  red,  and 
with  cresyl-violet  R  (extra)  almo.st  a  pure  brown.  Methyl  green 
does  not  stain  the  mast-cell  granules  unless  it  is  contaminated  with 
methyl  violet,  and  for  this  reason  the  granules  remain  colorless  in 
specimens  stained  with  Ehrlich's  triacid  stain.  In  specimens  fixed 
by  heat  and  stained  with  aqueous  alum  hematoxylin  solution  the 
//-granules  are  also  not  demonstrable.  They  have  been  dissolved; 
but  there  remains  a  well-defined  spongioplasm,  upon  which  the  gran- 
ules were  deposited. 

ITie  mast-cell  granules  are  absclviely  basophilic,  viz.,  they  can 
only  be  stained  with  basic  dyes,  and  retain  the  basic  dye  on  subse- 
quent diflFerentiation  in  acid  media.  They  are  capable,  moreover, 
of  taking  up  the  basic  dye  from  its  acidified  solutions,  as  in  the  case 
of  EhrUch's  dahlia-acetic  acid  mixture. 

The  granules  of  the  common  mast-cells  of  normal  blood  are  re- 
sistant to  water,  while  in  myeloid  leukemia  cells  are  met  with  the 
granules  of  which  dissolve  with  great  readiness.  Their  chemical 
nature  is  still  a  matter  of  dispute,  but  there  is  a  tendency  to  associ- 
ate the  mast-cell  with  the  formation  of  mucin.  This  presupposes 
the  identity  of  the  blood  mast-cell  with  the  common  mast-cell  of 
connective  tissue.  In  the  past  this  has  been  tacitly  assumed,  but 
Pappenheim  more  especially  has  called  attention  to  the  fact  that 
the  heniatogenic  mast-cell  differs  from  the  histogenic  form,  and 
that  the  two  probably  represent  diflferent  species.  Pappenheim 
inclines  to  the  view,  however,  that  the  granulation  of  the  hema- 
togenous mast-cells  is  not  a  true  morphological  granulation,  but 
merely  chemically  altered  lymphocytic  spongioplasm,  or  a  transport 
substance  which  has  been  taken  up  and  metaboUzed. 

The  number  of  mast-cells  varies  between  0.2  and  1.0  per  cent. 
Ewing  states  that  he  constantly  failed  to  find  mast-cells  in  the  better 
class  of  healthy  subjects,  while  in  hospital  and  dispensary  cases  with 


80  THE  BLOOD 

minor  ailments  they  appeared  to  be  more  numerous.  My  own  obser- 
vations do  not  bear  this  out;  in  my  experience  they  are  invariably  pres- 
ent in  health  irrespective  of  the  general  nutrition  of  the  individual. 

The  origin  of  the  mast-cells  of  the  blood  has  not  been  definitely 
ascertained.  Ehrlich  supposed  that  they  originated  from  the  con- 
nective-tissue cells  as  the  result  of  hypemutrition,  while  Harris 
suggests  that  they  may  be  derived  from  the  large  mononuclear 
leukocytes.  According  to  Pappenheim,  the  mast-cell  originates  in 
the  bone-marrow  from  a  granular  mononuclear  type  which  corre- 
sponds to  the  eosinophilic  and  neutrophilic  myelocytes. 

6.  The  Myelocytes. — The  myelocytes  are  mononuclear  granular 
cells,  which  are  normally  not  found  in  the  circulation,  but  are  en- 
countered only  in  the  bone-marrow. 

Generally  s{)eaking,  they  represent  the  juvenile  forms  of  the  poly- 
nuclear  leukocytes  of  the  blood,  and  we  accordingly  distinguish  three 
varieties,  viz.,  the  neutrophilic,  eosinophilic,  and  basophilic  myelo- 
cytes. The  two  last-named  varieties,  according  to  our  present  ideas, 
age  directly  into  the  corresponding  polynuclear  forms — i.  e,,  they 
become  the  common  eosinophiles  and  the  mast-cell.  In  the  case  of 
the  neutrophilic  variety  it  appears  that  two  types  exist,  a  smaller 
and  a  larger  form,  which  Pappenheim*  designates  respectively  as  the 
trachychromatic  and  the  amblychromatic  form.  These  are  onto- 
genetically  derived,  the  first  from  the  last,  but  only  the  trachychro- 
matic variety  ages  into  the  common  polynuclear  neutrophile  of  the 
circulating  blood.  The  nucleus  of  the  amblychromatic  form  as  it 
matures  likewise  becomes  polymorphous,  but  normally  the  cell 
remains  an  inhabitant  of  the  bone-marrow  even  then. 

As  regards  the  origin  of  the  myelocytes,  I  incline  toward  Pappen- 
heim's  view,  according  to  which  all  three  varieties  result  from  the 
large  lymphocytes  through  a  process  of  heteroplastic  differentiation. 

(a)  The  Neutrophilic  Myelocytes. — These,  as  I  have  stated, 
are  of  two  kinds.  The  one  tyi>e,  the  amidychromatic  myelocyte  of 
Papj>enheim,  is  a  large  cell  provided  with  a  relatively  large,  cen- 
trally IcK'ated,  round  nucleus  which  stains  but  feebly  with  basic  dyes. 
This  is  surrounded  by  a  comparatively  narrow  zone  of  basophilic 
protoplasm  which  contains  verj'  fine  neutrophilic  granules.  As 
the  cell  matures  the  nucleus  becomes  more  or  less  invaginated  and 
ultimately  distinctly  polymorphous.  The  protoplasm  at  the  same 
time  becomes  relatively  more  abundant.  Pappenheim  speaks  of 
this  type  as  the  heteroplastic  promyelocyte.  Such  cells  differ  mark- 
edly in  size  from  the  common  polynuclear  elements  wliich  result 
from  the  swond  tvpe  of  mvelocvte. 

The  sec'ond  type,  viz.,  the  trachychromatic  myelocyte,  is  a  smaller 
cell,  which  is  essentially  characterized  by  the  fact  that  its  nucleus 

*  Virchow's  Archiv,  vols,  clix  and  clx. 
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stains  quite  intensely  with  ba^ic  dyes.  The  protoplasm  is  faintly 
oigrphilic  and  the  granulation  rather  coarser  than  in  the  amblychro- 
matic  variety.  As  this  cell  matures  the  protoplasm  becomes  rela- 
tively more  abundant  and  the  nucleus  distinctly  polymorphous;  it 
then  constitutes  the  common  neutrophile  of  the  circulating  blood. 
Between  these  two  extremes  there  are  transition  forms,  in  which  the 
nucleus  is  still  single,  but  already  shows  a  marked  tendency  toward 
polymorphism.  These  cells  do  not  occur  in  normal  blood.  They  have 
been  described  especially  by  Ameth.  Pappenhum  terms  them 
metamyelocytes  or  proleuJcocytes  (see  Fig.  16) . 


w®^ 
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NeutrophiUc  myelocytes  undergoing  mitosis  are  sometimes  seen 
in  the  circulating  blood  in  cases  of  myeloid  leukemia;  on  the  whole, 
however,  they  are  rare,  and  it  b  more  common  to  meet  with  cells 
in  which  the  division  of  the  nucleus  has  already  taken  place  {Plate  VI). 

Mailer  and  Jolly  have  shown  that  the  neutrophilic  myelocytes  of 
the  circulating  blood  are  capable  of  active  locomotion. 
•  (6)  The  Eosinophilic  Myelocytes, — In  the  more  mature  forms 
the  color  of  the  eosinophilic  granulation  on  staining  with  eosin- 
methylene-blue  mixtures  is  a  pure  eosin  red.     The  younger  forms, 
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however,  present  a  purplish-violet  color,  and  some  granules  may 
indeed  be  a  pure  blue  (Plate  VI).  This  appearance  is  owing  to 
the  fact  that  the  young  ^sinophiUc  granule  is  physically  cyanophilic 
and  chemically  amphophilic,  whereas  the  mature  granule  is  physically 
erythrophilic,  but  chemically  absolutely  oxyphilic.  This  is  well 
shown  by  staining  such  young  cells  with  a  mixture  in  which  the 
basic  dye  is  of  a  hght  color  and  the  acid  component  dark,  such  as 
vesuvin  on  the  one  hand  and  water  blue  on  the  other.  The  mature 
eosinophilic  granules  will  then  take  on  the  blue  color  of  the  water 
blue,  while  the  young  granules  which  stained  blue  with  the  eosin- 
methylene-blue  mixture,  and  which  we  might  accordingly  have 
regarded  as  basophilic,  are  now  likewise  colored  by  the  acid  blue 
instead  of  the  basic  vesuvin,  thus  showing  that  they  are  in  reaUty 
not  basophilic,  but  amphophiUc-cyanophiUc 

The  protoplasm  of  the  eosinophilic  myelocytes  is  basophilic. 

The  size  of  the  cells  is  quite  variable;  some  are  considerably  larger 
than  the  corresponding  polynuclear  form,  while  others  are  much 
smaller.     The  cyanophilic  cells  are,  generally  speaking,  the  largest 

According  to  the  observations  of  Miiller  and  Jolly  the  eosino- 
philic myelocytes  are  capable  of  progressive  locomotion. 

(c)  The  Basophiuc  Myelocytes,  like  the  eosinophilic  and  neu- 
trophilic varieties,  may  be  of  variable  size  and  are  provided  with  a 
large  centrically  located  nucleus,  which  is  often  distinguished  only 
with  diflBculty  from  the  surrounding  protoplasm. 

7.  Irritation  Form  (Stimulation  Forms,  or  Phlogocytes). — 
These  are  mononuclear  non-granular  cells,  the  protoplasm  of  which 
is  stained  a  rich  brown  bv  the  triacid  mixture.  The  nucleus  is  round, 
eccentrically  located,  and  colored  a  bluish  green.  Oftentimes  it 
shows  a  distinct  wheel-spoke  structure.  According  to  Tiirk,  who 
first  described  these  cells,  they  are  met  with  under  the  same  conditions 
as  the  myelocytes.  Pappenheim  regards  them  as  plasma  cells  and  as 
largely  derived  from  histogenic  lymphocytes  as  the  result  of  a  retro- 
gressive degeneration,  and  characterized  by  hypertrophy  of  the 
cytoreticulum,  increase  of  chromatin  and  chromatokinesis  of  the 
nucleus  with  coincident  appearance  of  a  markedly  chromatophilic  sub- 
stance of  exogenic  origin.  As  intermediary  cells  Pappenheim  regards 
lymphocytes  without  chromophilic  protoplasm,  but  with  radiary 
nuclei.  It  is  thus  essentially  a  pathological  product.  The  cells 
have  a  spongioplastic  cytoreticulum  and  vacuoles.  They  may  attain 
a  size  of  30  /^.  These  cells,  in  my  experience,  are  most  frequently 
met  with  in  the  bloo<l  of  children,  where  their  number  maj  attain  5 
per  cent,  of  all  leukocytes.  Wrench  and  Bryant*  found  this  propor- 
tion in  a  girl  of  10,  in  which,  possibly  as  the  result  of  gas  poisoning, 
a  severe  anemia  had  developed. 

»  Guy's  Hosp.  Kcpts.,  1905,  vol.  lix,  p.  333. 
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According  to  Pappenheim  the  occurrence  of  plasma  celb  in  the 
blood  is  indicative  of  a  chronic  inflammatory  process,  either  of  the 
connective  tissue  or  of  the  hemopoietic  apparatus  (tuberculosis, 
Hodgkin's  disease,  myeloma,,  etc.).  I  have  found  them  relatively 
numerous  in  inflammatory  conditions  of  the  abdominal  viscera  (peri- 
tonitis, appendicitis,  typhoid  fever),  and  occasionally  in  measles. 

The  term  irritation  or  stimulation  forms  indicates  that  the  celb 
are  found  in  connection  with  infectious,  toxic,  viz.,  inflammatory 
"irritation." 

lodophilia. — On  staining  blood  smears  of  normal  individuals  with 
iodine  (see  p.  137)  the  protoplasm  of  the  leukocytes  is  colored  a 
bright  yellow,  while  the  nucleus  is  somewhat  ref ractoiy  and  takes  on 
a  lighter  tint.  Under  certain  pathological  conditions  this  staining 
quality  is  modified;  cells  are  then  seen  in  which  reddish-brown 
granules  appear  in  the  protoplasm  or  it  may  occur  that  this  presents 
a  diffuse  brownish  color  throughout.  This  intracellular  reaction 
affects  the  polynuclear  neutrophiles  almost  exclusively;  the  mono- 
nuclear elements  may,  however,  also  react,  in  which  case  one  com- 
monly sees  large,  pale-brown  granules  arranged  about  the  nucleus  in 
a  single  row.  In  eosinophiles  the  reaction  does  not  occur.  The 
extent  to  which  the  leukocytes  are  involved  is  quite  variable;  in 
some  cases  a  few  cells  only  are  affected,  while  in  others  one  is  scarcely 
able  to  find  a  normal  cell  in  an  entire  preparation. 

An  extracellular  reaction  abo  occurs,  but  is  of  little  clinical  in- 
terest, as  it  is  not  infrequent  even  in  health;  it  occurs  in  small,  round- 
ish or  oval  masses,  which  are  possibly  true  plaques,  but  which  may 
also  be  small  bits  of  protoplasm  derived  from  leukocytes. 

As  to  the  nature  of  the  substance  which  reacts  with  the  iodine  in 
the  manner  indicated,  there  is  no  uniformity  of  opinion.  Ehrlich 
regards  it  as  glycogen,  and  assumes  that  this  is  present  normally  in 
every  cell  in  the  form  of  a  colorless  compound,  from  which  the  free 
glycogen  is  under  certain  conditions  split  off,  and  can  then  be  demon- 
strated as  such.  Czemy,  on  the  other  hand,  looks  upon  the  iodo- 
philic  substance  as  an  antecedent  of  amyloid,  while  Goldberger 
and  Weiss  view  it  as  peptone.  Kaminer  has  shown  that  normal 
bone-marrow  does  not  contain  iodophilic  leukocytes,  but  that  they 
may  here  be  found  when  they  are  present  also  in  the  blood.  He 
concludes  that  the  reaction  is  a  degenerative  phenomenon  and  not  an 
evidence  of  regeneration. 

The  occurrence  of  the  reaction  in  disease  has  been  studied  especially 
by  Gabritschewsky,  Czemy,  Livierato,  Kaminer,  Cabot,  and  Ix)cke. 
From  these  investigations  it  appears  that  septic  conditions  of  all 
kinds  may  furnish  a  positive  reaction,  but  that  active  suppuration 
may  also  occur  without  iodophilia  (Reich,  Kiittner).  Ix>cke's  list 
of  diseases  of  this  order  includes  general  septicemia,  abscesses  (ex- 
cepting in  the  earliest  stages),  appendicitis  accompanied  by  abscess 
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formation,  general  peritonitis,  empyema,  pneumonia,  pyonephrosis, 
salpingitis  with  severe  inflanmiation  or  abscess  formation,  tonsillitis, 
gonorrheal  arthritis  (in  contra-indication  to  other  forms),  and  acute 
intestinal  obstruction  where  the  bowel  has  become  gangrenous. 
Locke  concludes  that  no  septic  condition  of  any  severity  can  exist 
without  a  positive  reaction.  In  puerperal  sepsis  also  it  is  said  to  be 
constant  (ICaminer).  In  pneumonia  with  frank  resolution  it  dis- 
appears in  from  twenty-four  to  forty-eight  hours  following  crisis. 
In  typhoid  fever  a  positive  reaction  is  not  commonly  obtained  before 
the  end  of  the  second  week,  and  it  may  indeed  remain  absent  through- 
out the  course  of  the  disease.  In  the  differential  diagnosis  between 
a  serous  and  a  purulent  pleuritic  effusion  the  absence  of  the  reaction 
points  to  the  former  condition.  Cerebral  abscess  may  show  the  re- 
action, while  in  brain  tumor  it  is  absent  (GuUand).  In  diphtheria 
it  is  only  seen  when  there  is  much  inflanunation;  it  is  never  intense 
(GuUand). 

In  contradistinction  to  chlorosis,  pseudoleukemia,  and  the  common 
forms  of  secondary  anemia  of  moderate  intensity,  iodophilic  leuko- 
cytes are  found  only  in  the  severer  forms  of  anemia,  such  as  perni- 
cious anemia,  leukemia  (notably  in  acute  cases),  and  the  severe  forms 
of  secondary  anemia. 

In  animals  the  reaction  can  be  produced  artificially  by  infection 
with  the  streptococcus,  the  staphylococcus,  the  Bacillus  pyocyaneus, 
Loffler's  bacillus,  the  anthrax  bacillus,  that  of  Friedlander,  the  Bacillus 
coli  communis,  or  the  typhoid  bacillus;  as  also  by  means  of  ricin, 
abrin,  and  the  diphtheria  toxin.  Following  the  injection  of  oil  of  tur- 
pentine, croton  oil,  mustard  oil,  and  silver  nitrate,  the  reaction  may 
occur  even  though  bacterial  infection  has  been  avoided.  In  man  it 
is  also  said  to  occur  following  narcosis. 

Literature. — Ehrlich,  Zeit.  f.  klin.  Mod.,  1882,  vol.  \n.  Gabritschewsky, 
Arch.  f.  cxp.  Path.  u.  Phannak.,  1891,  vol.  xxviii.  Czomy,  ibid.,  1893,  vol. 
xxxi.  Goldhergcr  u.  Weiss,  Wien.  klin.  Woch.,  1897.  Hofbauer,  Centralbl.  f. 
inn.  Med.,  1899.  Livierato,  Deiitsch.  Arch.  f.  klin.  Med.,  1894,  vol.  liii.  Kam- 
iner,  Berl.  kUn.  Woch.,  1899,  p.  119;  and  De.utsch.  med.  Woch.,  1899,  p.  206. 
Cabot  and  Locke,  Jour.  Med.  Kest'arch,  1902,  vol.  vii.  Locke,  Boston  Med.  and 
Surg.  Jour.,  1902,  p.  289.  Reich,  Beit.  klin.  Chir.,  xlii,  2.  Kiittner,  Arch.  f. 
klin:  Chir.,  Ixxiii,  2;  and  Centralbl.  f.  Chir.,  1904,  No.  27,  Beil.,  pp.  3-5. 

Leukocytosis. — While  the  number  of  red  corpuscles  is  normally 
fairly  constant,  that  of  the  leiikix'vtes  is  subject  to  not  inconsiderable 
variation.  It  is  influenced  by  the  age  and  sex  of  the  individual,  the 
process  of  digestion,  menstruation,  pregnancy,  the  bloodvessel  from 
which  the  specimen  is  taken,  etc.  Generally  speaking  the  number 
of  the  leukocvtes  varies  between  3000  and  10,000,  the  exact  num- 
ber,  coeteris  paribus ,  depending  upon  the  state  of  nutrition  of  the 
individual.  In  ill-nourished  persons  low  values  are  the  rule,  while 
maximum  numbers  are  generally  associated  with  a  state  of  excep- 
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tional  vigor  and  good  nutrition.  These  extreme  figures,  however, 
are  uncommon,  and  as  a  general  rule  a  count  of  10,000  may  be  re- 
garded as  abnormal;  5000  to  6000  are  the  most  common  values 
which  one  finds  if  the  examination  is  made  with  the  individual  in  a 
fasting  condition.  During  the  process  of  digestion  the  figures  are 
higher  (see  below). 

An  increase  in  the  number  of  leukocytes  is  met  with  under  the 
most  diverse  conditions,  both  in  health  and  disease.  When  transi- 
tory, it  is  designated  as  leukocytosis.  But  it  would  be  better  to  restrict 
this  term  to  indicate  the  number  of  the  leukocytes  in  a  general  way, 
and  to  speak  of  an  increase  as  hyperleukocytosis,  and  of  a  decrease  as 
hypoleukocytosis. 

It  will  be  convenient  to  consider  the  subject  of  leukocytosis  under 
the  following  headings: 

la.  Polynuclear  neutrophilic  hyperleukocytosis. 

16.  Polynuclear  neutrophilic  hypoleukocytosis. 

2a,  Polynuclear  eosinophilic  hyperleukocytosis. 

26.  Polynuclear  eosinophilic  hypoleukocytosis. 

3a.  Mast-cell  hyperleukocytosis. 

36.  Mast-cell  hypoleukocytosis. 

4a.  Large  mononuclear  hyperleukocytosis. 

46.  Large  mononuclear  hypoleukocytosis. 

5a.  Lymphocytosis. 

56.  I^ymphopenia. 

ITie  term  myelemia,  or  mydocytosis,  may  be  used  to  designate  the 
appearance  of  myelocytes  in  the  circulating  blood,  and  in  conformity 
with  the  three  recognized  forms  we  may  speak  of  a  neutrophilic,  an 
eosinophiUc,  and  a  basophilic  or  mast-cell  myelocytosis. 

UntU  quite  recently  the  general  tendency  in  clinical  laboratories  has 
be^n  to  lay  especial  stress  upon  the  absolute  leukocyte  count  and  to  leave 
the  relative  values  of  the  different  forms  out  of  sight.  This  should  not 
be,  and  I  cannot  insist  too  strongly  upon  the  importance  of  the  relative 
count,  which  in  many  respects  is  far  greater  than  a  knowledge  of  the 
total  number.  For  this  reason  also  I  have  chosen  the  consideration  of 
the  subject  of  hyperleukocytosis  on  the  basis  of  the  classification  just 
outlined. 

Polynucleax  Neutrophilic  Hyperleukocytosis.— This  is  the  most 
common  form  of  hyperleukocytosis,  and,  as  the  term  indicates, 
principally  affects  the  polynuclear  neutrophiles.  Exceptionally  it 
may  be  associated  with  a  polynuclear  eosinophilia,  as  well  as  with  a 
lymphocytosis;  but  as  a  general  rule  both  eosinophiles  and  lympho- 
cytes are  diminished.  This  diminution  is  often  not  only  relative, 
but  absolute  as  well.  In  very  marked  cases  of  hyperleukocytosis  of 
this  type  it  is  not  uncommon  to  meet  with  a  few  myelocytes  which 
are  then  also  of  the  neutrophilic  variety;  this  is  especially  the  case 
in  children  in  whom  the  bone-marrow  reacts  more  readily  to  stimu- 
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lation.     Eosinophilic  myelocj^es,  on  the  other  hand,  are  but  rarely 
seen.  , 

Clinically  we  must  distinguish  between  an  increase  of  the  poly- 
nuclear  neutrophiles  which  may  occur  in  health  and  the  common 
hyperleukocytosis  which  is  observed  in  disease.  We  may  accord- 
ingly speak  of  a  physiological  and  a  pathological  form. 

Physiological  Hyperleukocytosifl. — As  physiological,  increase  in  the 
number  of  the  leukocytes  is  notably  observed  at  birth,  during  the 
process  of  digestion,  in  pregnancy,  in  association  with  severe  mus- 
cular exercise,  following  the  use  of  cold  baths,  etc. 

Leukocytosis  of  the  Newborn. — According  to  the  experience  of 
most  observers,  the  number  of  leukocjrtes  at  birth  varies  between 
10,000  and  23,000,  of  which  over  70  per  cent,  are  polynuclear  neu- 
trophiles. The  number  then  falls  and  at  the  same  time  the  lympho- 
cytes increase.  The  curves  of  the  two  varieties  cross  between  the 
sixth  and  the  ninth  day,  and  by  the  twelfth  the  lymphocytes  are  in 
excess.  From  the  end  of  the  first  month  to  the  fourteenth  year  there 
occurs  a  gradual  increase  of  the  neutrophiles  and  a  decrease  of  the 
mononuclear  elements.  During  the  first  year  the  total  number  of 
the  leukocytes  varies  between  10,900  and  12,900;  9000  may  be 
regarded  as  an  average  value  from  the  first  to  the  sixth  year*,  and  7900 
from  then  until  the  fifteenth  year. 

Digestive  Leukocytosis. — The  increase  in  the  number  of  the  leuko- 
cytes which  is  observed  during  the  process  of  digestion  affects  both 
the  jx)lynuclear  elements  and  the  lymphocytes,  though  especially  the 
latter.  The  eosinophiles  are  relatively  at  least  diminished.  The 
total  increase  rarely  exceeds  3500  in  normal  adults,  while  in  young 
children  it  may  be  much  more  marked.  Sc*hiff^  cites  an  instance  in 
which  19,500  leukocytes  were  counted  one  hour  after  birth,  27,625 
after  the  first  meal,  and  36,000  after  the  fourth  meal.  It  is  especially 
pronounced  after  a  preliminan^  period  of  fasting  and  following  a  meal 
rich  in  proteids.  The  maximum  increase  is  usually  observed  between 
the  third  and  fourth  hour. 

In  cases  in  which  a  hvpei  leukocytosis  exists  from  other  causes,  as 
in  pregnancy,  in  inflanimaton-  diseases,  etc.,  digestive  hyj)erleuko- 
cytosis  does  not  occur.  Ivobenstine*  in  analyzing  20  case^  of  pregnancy 
in  this  direction  found  digestive  leukocytosis  in  13,  no  change  in  1  and 
an  actual  decretuse  in  0.  i\pparently,  however,  he  only  made  his 
examinations  following  the  onliniiry  midday  meal.  In  a  few  isolated 
instances  it  has  also  been  foiuid  al)sent  in  apparently  normal  individ- 
uals without  assignable  cause.  Under  pathological  conditions  its 
absence  is  not  unconnnon,  even  though  hyperleuk(K*ytosis  referable 
to  other  factors  may  not  exist.     This  is  n()tal)ly  the  case  in  carcinoma 

»  Zeit.  f.  Heilk..  vol.  xi,  p.  30,  and  1890,  p.  1. 
'  Amor.  Joiir.  Med.  Sci.,  August,  1904. 
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of  the  stomach,  and  it  was  once  thought  that  the  absence  of  digestive 
hyperleukocytosis  in  doubtful  cases  could  be  interpreted  as  evidence 
in  favor  of  its  existence/  Grenerally  speaking,  this  is  true  even  now, 
and  we  may  say  that  in  about  90  per  cent,  of  all  cases  of  carcinoma  of 
the  stomach  digestive  hyperleukocjrtosis  does  not  occur.  The  symp- 
tom, however,  is  not  pathognomonic,  as  a  number  of  instances  of 
carcinoma  have  been  reportwi  in  which  there  was  a  distinct  increase, 
and  as  digestive  leukocytosis  may  also  be  absent  in  other  conditions. 
In  anemic  individuals,  from  whatever  cause,  especially  large  amounts 
of  proteids  are  sometimes  necessary  to  elicit  an  increase  of  the  leuko- 
cytes (Miiller^)  and  in  some  cases  a  subnormal  number  may  even  be 
encountered  (Riedei^). 

To  study  digestive  hyperleukocytosis,  it  is  well  to  proceed  as 
follows: 

(a)  The  first  blood  count  should  be  made  after  the  patient  has 
fasted  for  about  seventeen  hours. 

(6)  After  this  period  he  receives  a  test  meal  consisting  of  from 
200  to  1000  c.c.  of  milk  and  one  or  two  eggs,  the  amount  varying 
with  the  condition  of  the  patient. 

(c)  Further  blood  counts  are  made  one,  two,  three,  and  four  hours 
later. 

(d)  The  existence  of  a  digestive  hyperleukocytosis  should  only  be 
regarded  as  proved  if  an  increase  of  at  least  1500  cells  occurs,  pro- 
viding that  maximal  amounts  of  food  have  been  taken.  If  smaller 
amounts  have  been  given,  an  increase  of  1000  cells  is  suflBcient  to 
establish  its  existence,  provided  that  the  same  result  is  observed  on 
repeated  examination. 

Leukocytosis  of  Pregnanoy  and  Parturition, — ^The  hyperleukocy- 
tosis which  is  observed  in  pregnancy  is  particularly  marked  during 
the  last  five  months,  and  appears  to  occur  quite  constantly  in  piimi- 
parse,  while  in  multiparse  exceptions  are  common.  In  an  analysis 
of  55  cases  Hubbard  and  White*  obtained  positive  results  in  44 — 
1.  e.,  in  80  per  cent. — most  marked  and  constant  in  young  primiparse. 
Rieder  in  an  analysis  of  31  cases  noted  a  hyperleukocytosis  in  20, 
all  the  negative  cases  being  multiparae.  In  a  series  of  17  multiparae 
an  increased  number  of  leukocj^es  was  noted  in  only  7.  In  Rieder's 
series  the  number  of  leukocj^es  varied  between  10,000  and  16,000, 
with  an  average  of  13,000.  This  represents  the  usual  increase,  but 
at  times  much  larger  numbers  may  be  observed;  Cabot  thus  reports 
3  cases  with  a  leukocytosis  of  from  25,000  to  37,000 

Lobenstine  gives  the  following  figures  as  the  result  of  an  analysis 
of  50  cases  in  the  ninth  month: 

'  Schneyer,  **  Das  Verhalten  d.  Verdauung:8leiikocytose  b.  ulcus  rotundum  u. 
carcinoroa  ventriculi,"  Zeit.  f.  klin.  Med.,  vol.  xxvii,  p.  219. 
»  Zeit.  f.  Heilk.,  1890,  p  213. 

*  Beit   z.  Kenntniss  d.  Leukocytose,  1892. 

*  Jour,  of  Exper.  Med.,  1898,*  p.  639. 
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Average  count 10,600 

Highest  count 18,000 

Ijowest  count 5,400 

Average  in  primiparse 9,346 

Average  in  multiparae 11,854 

Absence  of  leukocytes  in  7  cases. 

During  actual  labor  there  is  an  increase  of  the  leukocjrtes  over  and 
above  the  numbers  previously  observed  in  pregnancy;  SO^OOO  cells 
may  then  be  noted. 

Lobenstine's  figures  in  his  series  of  50  normal  cases  on  the  third 
day  of  the  puerperal  period  are  the  following: 

Average  count 12,400 

Highest  count 20,400 

Lowest  count 5,600 

Average  in  primipanc 13,200 

Average  in  multipane 11,600 

No  leukocytosis  m  8  cases. 

'^The  highest  numbers  are  met  with  in  severe  and  protracted  cases, 
especially  after  rupture  of  the  waters.  This  form  of  hjrperleukocytosis 
subsides  after  the  expulsion  of  the  child,  and  at  the  end  of  the  first 
or  second  week  normal  values  are  again  reached,  though  the  gradual 
decline  may  be  interrupted  by  a  temporary  increase  now  and  then, 
referable  to  various  minor  disturbances  during  the  puerperal  state. 
In  many  cases  normal  values  are  reached  much  earlier,  and  by  the 
third  day,  as  a  rule,  the  number  is  as  low  as  it  was  before  labor. 

As  in  the  case  of  the  digestive  leukocytosis,  the  hyperleukocjrtosis 
of  pregnane}'  and  the  puerperal  state  is  brought  about  by  an  increase 
both  of  the  polynuclear  neutrophiles  and  the  lymphocytes,  while  the 
eosinophiles  remain  passive. 

Leukocytosis  foUounng  Batlis,  Muscular  Exercise,  etc. — ^The  in- 
crease of  the  leukocytes  following  cold  baths  may,  according  to 
Thayer,'  amount  to  nearly  300  per  cent.  In  20  cases  of  typhoid 
fever  he  found  7724  leukocytes  on  an  average  before  and  13,170 
after  the  usual  Brand  bath.  In  his  own  person,  while  in  health,  the 
leukocytes  on  one  occasion  numbered  3250  before  the  bath,  while 
twenty  minutes  later  they  had  increase<i  to  12,500.  Such  an  increase 
is,  however,  only  observed  after  a  bath  of  moderate  duration,  while 
a  prolonged  cold  bath  diminishes  the  number.  Hot  baths  have 
exactly  the  opposite  effect,  viz.,  those  of  short  duration  produce  a 
decrease,  those  of  long  duration  an  increase. ' 

Violent  muscular  exercise,  as  well  as  massage,  produces  a  tempo- 
rary hyperleukocytosis. 

Pathological  Hyperleukocytosis.  1.  The  Hyperleukocytosis  of  the 
Acute  Infections. — In  the  acute  infectious  diseases  hyperleukocytosis 
referable  to  an  increase  of  the  polynuclear  neutrophiles  is  the  rule.    It 

*  Johns  Hopkins  Hosp.  Hull.,  April,  1893. 
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is  seen  in  pneumonia,  erysipelas,  diphtheria,  scarlatina,  the  various 
pyogenic  infections  in  the  narrower  sense  of  the  term,  in  parotitis, 
acute  articular  rheiunatism,  epidemic  cerebrospinal  meningitis,  etc. 
Typhoid  fever  and  measles  represent  notable  exceptions  if  we  disregard 
the  very  earliest  stage  in  the  development  of  the  disease,  when  an 
acute  hyperieukocytosis  may  also  be  observed  (see  p.  97). 

Generally  speaking,  the  increase  in  the  number  of  the  leukocytes 
in  the  acute  infectious  diseases  is  directly  proportionate  to  the  inten- 
sity of  the  infection  and  the  power  of  resistance  on  the  part  of  the 
individual.  Where  this  is  particularly  feeble  or  the  virulence  of  the 
infection  b  especially  intense,  an  absolute  increase  of  the  total  number 
of  the  leukocytes  may  not  take  place,  although  a  relative  increase  of 
the  polynuclear  neutrophilic  elements  will  probably  always  be  observed. 
A  recognition  of  this  fact  is  of  importance  and  serves  to  illustrate  the 
special  value  of  the  differential  count. 

In  "pneurrumia  the  increase  in  the  number  of  the  leukocytes  is 
usually  marked.  On  an  average  it  amounts  to  about  24,000  cells 
above  the  normal  (Cabot).  In  rare  cases  a  leukocytosis  of  100,000 
and  over  has  been  observed.  The  hyperieukocytosis  sets  in  quite 
early — ^within  a  few  hours  following  the  initial  chill — and  persists  until 
the  time  of  the  crisis,  when  it  rapidly  disappears;  the  decrease  may 
indeed  precede  the  critical  fall  of  the  temperature.  When  the  disease 
terminates  by  lysis  the  return  to  the  normal  is  more  gradual.  A 
pseudocrisis  is  not  accompanied  by  a  fall  in  the  number  of  the  leu- 
kocytes. When  resolution  is  delayed  or  complications  occur,  the 
hyperieukocytosis  persists. 

Absence  of  hyperieukocytosis,  excepting  in  veiy  mild  cases,  will 
usually  warrant  a  fatal  prognosis;  exceptions,  however,  occur,  and  it 
is  well  in  any  case  to  base  prognostic  conclusions  not  upon  a  single 
count,  but  upon  the  result  of  repeated  examinations,  as  it  is  not 
uncommon  to  meet  with  considerable  fluctuations  in  the  course 
of  the  disease.  Sears  and  Larrabee*  found  the  mortality  much 
greater  when  the  leukocytes  numbered  less  than  10,000  than  when 
they  were  more  numerous;  and,  according  to  Loper,  a  progressive 
increase  of  the  neutrophiles  beyond  90  to  95  per  cent,  may  be  regarded 
as  an  unfavorable  symptom  irrespective  of  their  total  number.  Asso- 
ciated with  the  increase  of  the  polynuclear  neutrophiles  in  pneumonia 
there  is  a  relative  diminution  of  the  lymphocytes.  '^The  eosinophiles 
are  greatly  diminished;  they  may  indeed  be  absent.  Their  return 
may  occur  before  the  beginning  of  the  crisis  and  may  be  viewed  as 
a  favorable  symptom. 

In  bronchopneumonia  the  total  increase  of  the  leukocytes  is  not  so 
great  as  in  the  acute  croupous  form. 

In  erysipelas,  as  in  pneumonia,  the  hyperieukocytosis  is  generally 

*  Med.  and  Surg.  Rep.  of  the  Boston  City  Hosp.,  1901, 12th  series,  Dec.  1st. 
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proportionate  to  the  intensity  of  the  morbid  process  and  also  termi- 
nates by  crisis.  The  increase  of  the  leukocytes  beyond  normal  may 
amount  to  15,000;  in  many  cases,  howeyer,  the  total  number  does 
not  rise  much  beyond  the  upper  limit  of  the  normal.  At  the  height 
of  the  disease  the  eosinophiles  are  much  diminished  or  absent. 

In  diphtheria  a  well-marked  increase  is  the  rule.  Generally  the 
count  does  not  exceed  25,000  to  30,000,  but  in  fatal  cases  it  is  com- 
mon to  meet  with  larger  numbers.  Ewing*  speaks  of  one  case  with 
lymphocytosis  in  which  the  count  was  72,000,  and  cites  a  peculiar 
instance  reported  by  FelsenthaP  marked  by  hemorrhagic  eruption  in 
which  148,000  were  counted.  As  Ewing  suggests,  this  was  probably 
an  agonal  hyperleukocytosis.  As  a  rule,  from  25,000  to  50,000  cells 
are  met  with  in  fatal  cases.  In  children  the  general  increase  of  the 
leukocytes  is  frequently  associated  with  a  relative  lymphocytosis. 
The  eosinophiles  are  diminished  in  number  and  may  indmi  be 
absent.  It  is  interesting  to  note  that  excepting  a  temporary  dimi- 
nution immediately  following  the  injection  the  leukocytosis  is  in  no 
wise  influenced  by  the  antitoxin  treatment.  Besredka,'  however, 
states  that  the  grade  of  the  polynuclear  neutrophilic  hyperleukocytosis 
after  the  administration  of  the  serum  indicates  the  prognosis.  Thus, 
if  one  or  two  days  after  the  injection  the  percentage  of  the  neutro- 
philes  is  60  or  more,  the  prognosis  is  good;  with  a  higher  tempera- 
ture and  50  per  cent,  it  is  bad,  and  with  a  lower  percentage  the  disease 
is  fatal.  Simon^  finds  that  the  occurrence  of  hyperleukocytosis  and 
hyperpolynucleosis  four  hours  after  the  injection  is  a  favorable  sign. 
The  exanthem  which  occasionally  follows  the  injection  of  antidiph- 
theritic  serum  is  accompanied  by  a  polynuclear  neutrophilic  hyper- 
leukocytosis. 

In  tonsilUiis  there  is  an  increase  of  the  leukocytes  of  approximately 
the  same  intensity  as  in  diphtheria,  with  a  similar  diminution  in  the 
number  of  the  eosinophiles. 

In  septic  conditions,  in  general,  hyperleukocytosis  is  of  constant 
occurrence  at  some  stage  of  the  disease,  unless  the  infection  is  very 
mild  or  very  severe.  Even  in  those  cases  in  which  the  absolute  increase 
of  the  leuk(K*ytes  is  not  marked,  or,  as  in  certain  very  virulent  cases 
absent  altogether,  the  iieutrophiles  are  relatively  increased  and  the 
eosinophiles  coincidenily  very  much  diminished  or  absent  altogether. 
This  asscKuation  I  have  termed  the  septic  factor  and  I  cannot  insist 
too  strongly  upon  its  value  in  the  diagnosis  of  acute  infections  with 
the  group  of  pyogenic  organisms. 

Esj)ecially  important  is  the  study  of  the  leukocytosis  in  appendicitis, 
Acconling  to  (xurschmann*s  initial  studies  in  this  direction  a  leukocy- 

»  The  Blood,  loc.  cit. 

*  Arch.  f.  Kinderheilk.,  vol.  xv,  p.  7S. 

'  Annal  de  I'lnst.  Pasteur,  1898,  vol.  xii,  5,  p.  305. 

*  Joiini.  do  physio),  and  pathol.  gou.,  vol.  v,  p.  887. 
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tosis  of  22,000  is  strongly  suggestive  of  an  existing  abscess;  if  the 
count  remains  stationary  at  this  point,  or  if  it  increases  but  once 
to  25,000,  suppuration  may  be  regarded  as  established.  These  results 
have  been  largely  confirmed  by  other  investigators.  Exceptions, 
however,  occur  and  surgeons  perhaps  not  unnaturally  decline  to  be 
guided  in  their  operative  work  by  the  results  of  the  blood  count  only. 
Personally  I  value  the  absolute  count  veiy  highly  in  the  study  of  the 
progress  of  an  appendicitis,  but  only  in  so  far  as  an  increase,  and,  above 
all,  a  progressive  increase  is  concerned.  Normal  figures  or  a  decreas- 
ing leukocytosis  are  very  dubious  factors  and  should  be  viewed  with 
reserve.  In  my  estimation  the  differential  count  is  much  more  valu- 
able in  the  study  of  these  cases  and  far  less  apt  to  mislead.  A  decreas- 
ing neutrophilic  hyperleukocytosis  with  a  return  of  the  eosinophiles 
is  a  favorable  symptom  in  all  cases.  A  drop  in  the  total  count  with 
a  continuance  of  the  relative  polynucleosis,  on  the  other  hand,  usually 
means  added  danger  and  only  too  often  perforation. 

I  here  append  extracts  from  Bloodgood's  paper,?  which  gives  a 
good  idea  of  the  usual  findings  in  appendiceal  and  related  abdominal 
affections,  but  regret  that  the  absolute  counts  only  have  been  con- 
sidered. 

Observed  within  forty-eight  hours  the  number  of  white  blood  cells 
is  in  the  majority  of  instances  of  great  value  in  pointing  to  the  extent 
of  the  inflammatory  condition  of  and  about  the  appendix.  Cases 
of  recurrent  appendicitis  or  of  appendicitis  suffering  from  the  first 
attack,  first  observed  practically  at  the  end  of  the  attack  when  th** 
clinical  symptoms  are  subsiding,  rarely  show  an  increase  in  the 
white  cells.  In  a  few  instances,  first  observed  within  forty-eight 
hours  after  the  beginning  of  the  attack,  but  when  the  symptoms 
are  subsiding,  there  have  been  a  few  leukocyte  counts  of  15,000, 
which  have  fallen  rapidly  within  a  few  hours  to  10,000  and  7000. 
In  the  cases  admitted  within  forty-eight  hours  with  acute  symptoms, 
if  on  account  of  the  clinical  picture  operation  has  been  delayed,  a 
falling  leukocytosis  has  always  been  observed.  These  patients  have 
recovered,  and  at  a  later  operation  the  appendix  was  found  to  be 
the  seat  of  a  diffuse  inflammation,  but  there  was  no  evidence  of 
pus  outside  the  appendix.  In  one  case  admitted  sixteen  hours  after 
the  beginning  of  the  attack  the  leukocytes  fell  in  ten  hours  from 
17,000  to  13,000,  and  in  twenty-four  hours  to  11,000,  associated  with 
disappearance  of  the  symptoms.  With  one  exception,  the  highest 
first  leukocyte  count  in  this  group  has  been  17,000,  falling  in  a  few 
hours  to  12,000,  9000,  or  even  lower.  A  patient  admitted  twenty 
hours  after  the  beginning  of  the  acute  attack  had  a  leukocytosis  of 
22,000;  the  clinical  symptoms,  however,  were  not  very  marked. 
The  patient  was  observed  eight  hours;  during  this  period  the  leuko- 

*  Blood  Examination  as  an  Aid  to  Surgical  Diagnosis,  Amor.  Med.,  1901,  p.  306 
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cytes  fell  to  16,000  and  the  local  symptoms  practically  disappeared. 
Within  the  succeeding  twenty-four  hours  the  leukocytes  were  11,000, 
then  8000, 7000,  and  6000.  Although  this  patient  with  a  leukocytosis 
of  22,000  at  the  end  of  twenty  hours,  recovered,  and  there  is  every 
reason  to  beUeve  that  the  inflammatoiy  condition  about  the  appendix 
subsided,  nevertheless  it  b  an  exception  to  the  general  rule,  and  it 
would  be  safer,  I  believe,  to  operate  in  those  cases  of  acute  appendicitis 
observed  within  the  first  forty-eight  hours  with  a  leukocytosis  of 
20,000. 

In  acute  diffuse  appendicitis  with  operation  and  recovery  the  highest 
count  observed  was  25,000  thirty-six  hours  after  the  beginning  of 
the  attack.  At  operation  in  this  case  intense  inflammation  and  a 
large  amount  of  exudate  were  found  about  the  appendix. 

In  gangrenous  appendicitis  with  operation  and  recovery  the  leuko- 
cytosis is  higher  (25,000  to  35,000)  and  rises  more  rapidly.  As  Blood- 
good  says,  the  study  of  the  leukocytosis  is  here  of  the  greatest  im- 
portance in  the  early  recognition  of  a  grave  inflammatory  condition 
of  the  appendix,  which  without  doubt  would  lead  to  general  peritonitis 
and  death  unless  early  operation  be  instituted. 

A  very  high  leukocytosis  within  forty-eight  hours  after  the  begin- 
ning of  the  attack  is  suggestive,  but  not  at  all  positive,  of  beginning 
'peritonitis.  The  leukocyte  count,  however,  does  not  seem  to  help  in 
such  cases  with  regard  to  prognosis.  After  the  second  day  in  cases  in 
which  the  peritonitis  has  been  present  longer  Bloodgood  never  has 
observed  recovery  with  a  low  leukocyte  count.  If  the  leukocytosis 
remains  still  high  at  this  period,  however,  the  prognosis  seems  better 
for  ultimate  recovery  after  operation. 

In  chronic  suppuration  the  results  are  less  decisive;  there  are  cases 
indeed  in  which  notwithstanding  the  existence  of  extensive  intraperi- 
toneal accumulations  of  pus  no  increase  of  the  leukocytes  occurs. 

In  intestinal  obstniction  an  increase  of  the  leukocytes  associated 
even  with  very  slight  symptoms  is  of  the  highest  importance  in  the 
early  recognition  of  the  lesion.  Bloodgood  states  that  in  a  large 
group  of  cases  the  leukoc}1:e  count  may  rise  to  20,000  within  twelve 
hours  after  the  beginning  of  the  obstruction/  Within  the  first  twelve 
to  twenty-four  hours  a  few  obser\'ations  would  demonstrate  that  if 
the  leukocyte  count  rise  above  25,(K)0  or  ^^,000,  the  probabilities 
are  that  one  will  find  gangrene  of  the  obstructed  loops  or  beginning 
peritonitis.  If  ol)ser\e(l  on  the  second  or  thin!  day  after  the  begin- 
ning of  the  symptoms,  it  is  difficult  to  make  a  differential  diagnosis 
with  reganl  to  gangrene  or  peritonitis.  After  the  third  day,  in  cases 
in  which  there  is  no  gangrene  and  no  peritonitis,  or  in  which  the 
auto-intoxication  is  not  yet  very  grave,  the  leukocytes  still  remain 
high — 15,000  to  23,(XX) — according  to  the  degree  of  obstruction :  com- 

*  Cases  have  indeed  been  observed  with  an  absohite  count  of  50,000,  and  more. 
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plete,  higher;  partial,  lower.  In  the  presence  of  gangrene  peritonitis 
or  grave  auto-infection,  the  leukocytes  begin  to  fall.  If  the  patient 
is  admitted  after  the  third  or  fourth  day,  with  a  histoiy  of  intestinal 
obstruction,  and  still  has  a  high  leukocyte  count,  the  prognosis  is 
good  for  operation.  If  the  count  is  low,  and  especially  if  it  is  below 
10,000,  the  probabilities  are  that  on  operation  extensive  gangrenous 
peritonitis  will  be  found;  or  the  patient  will  be  so  depressed  by  auto- 
intoxication that  reaction  does  not  follow  relief  of  the  obstruction. 

In  amebic  liver  abscess  there  is  a  comparatively  low  leukocytosis, 
viz.,  10,000  to  17,000,  rarely  over  20,000. 

In  eclampsia  there  is  usually  marked  hyperleukocytosis,  the  degree 
cceteris  paribtis  depending  fairly  closely  upon  the  apparent  toxicity  of 
the  case  (16,000  to  20,000  in  mild  cases).  With  a  good  resistance  the 
increase  is  especially  marked  (46,000  to  54,000).  A  sudden  increase 
generally  indicates  an  aggravation  of  the  condition  in  an  individual 
of  good  resistance  (as  high  as  100,000).  A  low  count  in  a  highly  toxic 
patient  is  of  bad  omen  (19,000  dropping  to  13,800  by  the  second  day 
following  delivery).  A  leukocytosis  originally  high  that  falls  rapidly 
in  a  badly  toxic  patient  is  likewise  a  danger  signal  (100,000  to  45,200 
in  one  day)  (Lobenstine). 

In  the  differential  diagnosis  between  ruptured  tubal  pregnancy  with 
associated  severe  internal  hemorrhage  and  acute  peritonitis  a  high 
leukocyte  count  speaks  in  favor  of  the  first  condition.  In  a  slowly 
developing  peritonitis,  on  the  other  hand,  hyperleukocytosis  may  also 
be  observed.  With  small  hematoceles  (referable  to  tubal  pregnancy) 
the  leukocytes  may  be  normal. 

In  pyosalpinx  high  leukocyte  counts  are  almost  always  seen. 

In  uterine  carcinoma  hyperleukocytosis  is  usually  only  seen  when 
there  is  extensive  ulceration.  Myomas  only  lead  to  hyperleukocytosis 
as  the  result  of  extensive  hemorrhages.  In  hydrosalpinx  and  salpingo- 
oophoriiis  the  same  is  seen.  In  connection  with  ovarian  cystoma  the 
leukocyte  values  are  usually  normal;  if,  however,  peritoneal  irritation 
exists  (as  manifested  by  sensitiveness  to  pressure  and  ascites),  a  marked 
increase  may  occur.  In  such  cases  in  contradistinction  to  pus  cases 
the  iodine  reaction  is  negative. 

In  scarlatina  hyperleukocytosis  is  a  constant  feature  of  the  disease.* 
It  usually  begins  two  or  three  days  before  the  appearance  of  the 
rash;  sometimes  even  as  early  as  the  sixth  day.  The  acme  is  reached 
on  the  second  or  third  day;  on  the  fourth  medium  values  are  found. 
Then  the  decrease  usually  begins,  although  this  is  sometimes  delayed 
until  the  eighth  or  ninth  day;  normal  values  are  not  reached  until 
the  end  of  the  second  or  the  beginning  of  the  third  week.  In  light 
cases  the  leukocytosis  amounts  to  from  10,000  to  20,000  cells,  in  cases 

*  Van  der  Berg,  Arch.  f.  Kinderheilk.,  vol.  xxv,  p.  321.  Mackie,  Lancet, 
Aug.  24, 1901.     Reckzeh,  Zeit.  f.  klin.  Med.,  1902,  vol.  xliv,  p.  201  (full  literature). 
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of  moderate  severity  20,000  to  30,000  are  avera^  figures,  while  in 
fatal  cases  40,000  are  common  values.  The  hyperieukocytosis  is 
scarcely  influenced  by  the  height  of  the  temperature,  the  angina,  the 
rash,  desquamation,  or  complications,  excepting  that  in  the  latter 
case  its  duration  is  influenced  by  the  nature  of  the  pathological  process. 
The  hypeileukocytosis  is  due  to  a  large  increase  of  the  polynuclear 
neutrophiles,  which  may  represent  94  per  cent,  of  all  leukocytes. 
The  lymphocytes  are  proportionately  diminished  unless  glandular 
compUcations  occur,  when  they  may  reach  maxim^um  normal  values, 
llie  eosinophiles  in  light  and  moderately  severe  cases  are  at  first  nor- 
mal or  subnormal,  they  then  gradually  increase  and  leach  maximum 
values  (8  to  15  per  cent.)  in  the  second  or  third  week,  after  which  they 
return  to  normal.     In  severe  cases  they  diminish  to  zero. 

In  acute  articular  rheumatism  the  degree  of  hyperleukocytosis  is 
proportionate  to  the  severity  of  the  attack.  In  McCrae's*  analysis 
of  83  cases  the  average  count  was  11,776;  in  29  it  was  below  10,000. 
Taking  the  average  of  the  remaining  54  cases  we  have  14,260.  In 
17  the  count  was  over  15,000  and  in  4  over  20,000;  the  highest  figure 
was  38,000.  It  is  noteworthy  that  hyperleukocytosis  was  noted  in  all 
cases  of  complicating  pericarditis  in  which  a  count  was  made,  but 
that  normal  values  were  obtained- in  many  cases  of  undoubted  endo- 
carditis. In  pericarditis  15,000  to  19,000  were  average  values; 
35,000  was  the  highest  count  noted.  Generally  speaking,  when  the 
number  of  leukocytes  in  acute  articular  rheumatism  rises  to  20,000 
or  higher,  pericarditis  or  pneumonia  may  be  suspected  (Tiirk,  Ewing). 
When  the  total  increase  of  the  leukocytes  is  only  slight,  the  percentage 
values  are  not  especially  disturbed,  but  with  a  marked  hyperleuko- 
cytosis the  polynuclear  neutrophiles  are  materially  increased.  The 
eosinophiles  are  commonly  absent  in  the  early  stages  of  the  disease, 
while  later  they  are  always  present  in  moderate  numbers,  and  after 
defervescence  they  are  usually  increased. 

In  tubercular  disease  hyperleukocytosis  is  observed  only  when 
secondary  infection  with  pus  organisms  has  taken  place,  while  in 
pure  cases  the  number  remains  normal.  As  the  conditions  for  a 
secondary  infection  are  more  favorable  in  some  parts  of  the  body 
than  in  others,  such  as  the  lungs  and  kidneys,  hyperleukocytosis  is 
commonly  present  when  these  parts  are  involved.  In  the  third 
stage  of  pulmonary'  tuberc^ulosis  there  is  usually  a  leukocytosis  of 
from  15,000  to  2(),(KX),  which  is  referal)le  to  a  well-marked  increase 
of  the  polynuclear  neutrophiles,  while  the  eosinophiles  are  diminished. 
In  the  second  stage,  owing  to  a  concentration  of  the  blood  no  doubt, 
values  ranging  between  8000  and  10,(MK)  are  common,  while  in  the 
first  stage  normal  values  are   found. ^     In   tubercular  peritonitis  the 

*  Jour.  Amor.  Med.  Assoc.  1903,  vol.  xl,  j).  210. 
-  Apixjlbauin,  loc.  cit.,  p.  01. 
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leukocytosis  is  variable.  In  36  cases  of  46  analyzed  by  Shattuck 
the  number  was  below  10,000;  where  it  is  higher  pus  may  or  may 
not  be  present. 

In  the  epidemic  form  of  meningitis  the  count  may  range  between 
32,000  and  34,000  early  in  the  disease.  Later,  when  the  tem- 
perature rarely  rises  above  normal  the  count  may  drop  to  from 
9000  to  10,000.  In  fatal  cases  the  highest  counts  are  usually  seen 
(35,000  to  55,000),  but  it  is  to  be  noted  that  a  high  count  does  not 
necessarily  imply  a  fatal  ending.  In  the 'tubercular  form  hyper- 
leukocytosis  is  also  observed  in  a  large  percentage  of  cases,  but  is  not 
apt  to  exceed  24,000;  in  60  per  cent,  of  Koplik's  cases  it  was  under 
20,000.  In  many  of  these  cases  the  hyperleukocytosis  is  due  to  a 
complicating  terminal  pneumonia. 

In  serous  non-tubercular  jdeurisy  the  leukocytes  are  not  increased, 
while  in  the  tubercular  cases  the  number  may  rise  to  15,000  to  20,000. 
ITiis  increase,  however,  is  probably  greatly  dependent  upon  the  extent 
of  the  primary  lesion. 

In  empyema  there  is  marked  hyperleukocytosis  (22,000  to  29,000), 
which  disappears  after  evacuation  of  the  pus. 

In  smallpox  a  hyperleukocytosis  is  observed  only  in  the  severer 
cases  and  when  pustulation  takes  place.  In  the  milder  form  no 
increase  occurs. 

In  Malta  fever  a  marked  increase  of  the  polynuclear  neutrophiles 
may  occur  just  before  the  onset  of  the  fever;  later  there  is  absence 
of  hyperleidcocytosis.  In  a  case  observed  in  the  United  States 
11,564  leukocj^es  were  counted,  all  varieties  being  present  in  normal 
proportion.^ 

In  bubonic  plagve  a  moderate  increase  of  the  leukocytes  is  the 
rule;  a  few  instances  have  been  reported  in  which  over  100,000 
celb  were  counted,  the  increase  being  largely  due  to  neutrophiles. 

In  uncomplicated  cases  of  typhoid  fever,  during  the  first  few  days, 
there  may  be  a  leukocytosis  of  3000  to  5000  beyond  the  normal, 
referable  to  an  increase  of  polynuclear  neutrophiles.  Subsequently 
they  diminish  and  a  relative  lymphocytosis  comes  to  the  foreground 
(see  especially  p.  97). 

In  tetanus  a  moderate  neutrophilic  increase  occurs. 

In  uncomplicated  measles  there  is  in  the  beginning  a  moderate 
relative  increase  of  the  polynuclear  neutrophiles,  76  to  82  per 
cent.;  but  this  is  not  associated  with  an  absolute  increase  of  the 
leukocj^es,  but  with  a  decrease.  ^  Later  there  is  a  relative  decrease 
of  the  neutrophiles  to  50  to  60  per  cent.,  while  the  absolute  number 
is  increased. 

According  to  Wilson  and  Chowning,  a  hyperleukocytosis  of  about 
12,000  is  usual  in  cases  of  the  so-called  spotted  fever  of  the  Rocky 

»  Musser  and  Sailer,  Phila.  Med  Jour.,  1898,  p.  1408,  and  1899,  p  89. 
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Mountains/  But  I  have  also  seen  the  blood  from  several  cases 
in  which  no  increase  existed. 

In  some  cases  of  enterogenous  cyanosis  the  number  of  leukocytes 
may  be  increased  to  20,000,  but  as  a  rule  it  varies  between  4000  and 
10,000.     The  relative  figures  are  scarcely  affected. 

In  dementia  paralytica,  throughout  the  disease,  there  is  an  increase 
of  the  polynuclear  neutrophiles  which  reaches  its  height  during  the 
terminal  stage,  while  the  eosinophiles  are  for  the  most  part  materially 
diminished.  Paralytic  attacks  are  accompanied  by  a  further  increase 
of  the  neutrophiles.' 

2.  Anemic  Hyperleukocytosis, — Hyperieukocytosis  referable  to  an 
increase  of  the  polynuclear  neutrophiles  is  observed  in  various  forms 
of  acute  and  chronic  secondary  anemia.  It  is  especially  marked 
after  hemorrhages,  when  the  number  of  leukocytes  may  increase  to 
30,000  and  even  more.  Generally  speaking,  the  degree  of  increase  is 
proportionate  to  the  amount  of  blood  lost  and  the  recuperative  power 
of  the  individual.  Rieder  noted  a  leukocytosis  of  15,000  after  a 
pulmonary  hemorrhage;  32,600  after  a  hemorrhage  due  to  uterine 
cancer,  and  26,500  after  a  hemorrhage  referable  to  gastric  ulcer. 

If  we  except  the  myeloid  type  of  leukemia,  in  which  an  absolute 
increase  of  the  polynuclear  neutrophiles  is  associated  with  a  relative 
decrease,  hyperleukocytosis  is  not  met  with  in  uncomplicated  cases 
of  the  primaiy  anemias. 

3.  Cachectic  Hyperleukocytosis. — A  cachectic  hyperleukocytosis  has 
been  described  in  connection  with  malignant  disease,  phthbis,  etc. 
Ewing  states  that  in  the  majority  of  cases  of  tertiary  syphilis,  tuber- 
culosis, and  nephritis,  in  a  large  proportion  of  carcinoma  cases  and  in 
a  rather  smaller  proportion  of  sarcomas  the  cachexia  is  unaccompanied 
by  hyperleukocytosis  unless  there  is  distinct  local  inflammation, 
necrosis,  or  hemorrhage.  He  suggests  that  the  existence  of  a  marked 
hyperleukocytosis  in  the  course  of  a  cachexia  should  lead  to  a  search 
for  one  of  these  complications.  Kast  has  described  a  remarkable 
instance  of  universal  carcinomatosis  with  bone-marrow  involvement 
in  which  the  total  number  of  leukocytes  rose  to  120,000,  with  94.49  per 
cent,  of  neutrophiles,  although  septic  complications  did  not  occur. 

4.  Antemoriem  Hyperleukocytosis. — An  agonal  hyperleukocytosis 
in  the  old  sense  of  the  term  is  now  no  longer  accepted.  If  during 
the  agone  hyperleukocytosis  exists  it  is  dependent  directly  upon  the 
character  of  the  morbid  pnx^ess,  and  not  upon  the  agonal  condition. 

5.  Hyperleukocytosis  referable  to  Drugs. — Hyperleukocytosis  refer- 
able to  an  increase  of  the  polynuclear  neutrophiles  has  been  observed 
in  cases  of  poisoning  with  potassium  chlorate,  arsenious  hydride, 
illuminating  gas,  and  coal-tar  derivatives,  such  as  antifebrin,  phen- 

*  Jour.  Amer.  Med.  As.soc.,  July  19,  1002,  p.  131. 
'  Diefendorf,  Amer.  Jour.  Med  Sci.,  December,  1903. 
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acetiiiy  etc.  It  follows  the  administration  of  atropine,  quinine,  the 
salicylates,  thyroid  extract,-  tuberculin,  and  the  infusion  of  salt  solu- 
tion. It  is  noted  after  prolonged  anesthesia  with  chloroform  and  ether, 
when  an  increase  of  5000  to  10,000  cells  is  quite  common.  This 
increase  occurs  after  from  six  to  forty-eight  hours  following  the  opera^- 
tion,  and  persists  for  only  a  few  hours.  A  postoperative  increase 
of  10,000  or  more  beyond  the  normal  value  of  the  individual,  and  sus- 
tained for  more  than  a  few  hours,  should  be  looked  upon  with  sus- 
picion* unless  the  case  was  a  septic  one  from  the  start,  when  it  may 
persist  for  several  days. 

6.  Hyperleukocytosis  of  Thermic  Fever, — In  thermic  fever  a  high 
leukocyte  count  is  apparently  the  rule,  but  there  b  considerable 
irregularity  in  the  time  and  duration  of  the  rbe.  Lewis  and  Pack- 
ard' report  that  in  some  of  their  cases  a  leukocytosis  of  from  12,000 
to  13,000  was  noted  on  admission.  In  most  of  the  cases  in  which 
there  was  a  primary  rise  this  was  followed  by  a  fall  and  then  a  second 
increase  in  tlieir  number. 

Polynuclear  Neutrophilic  Hypoleukocjrtosis    (Leukopenia).— 

A  diminution  in  the  total  number  of  the  leukocytes  is  observed  in 
only  a  comparatively  small  number  of  diseases,  and  is  practically 
always  referable  to  a  decrease  in  the  number  of  the  polynuclear 
neutrophiles.  It  is  notably  observed  in  typhoid  fever,  measles, 
influenza,  in  certain  anemic  conditions,  etc. 

In  typhoid  fever^  hypoleukocytosis  is  so  constantly  seen  that  we 
can  formulate  the  general  rule  that  whenever  an  increase  in  the  numn 
ber  of  the  leukocytes  is  observed  in  a  case  of  suspected  typhoid  fever  it 
is  mare  than  probable  that  som£  complication  exists  or  that  the  diagnosis 
is  vmmg.  Exceptions  to  this  rule  are  rare.  In  the  very  earUest 
days  of  the  disease,  possibly  owing  to  a  concentration  of  the  blood, 
the  result  of  starvation  and  diarrhea,  higher  counts  are  sometimes 
observed,  but  as  the  disease  progresses  the  number  soon  diminishes, 
and  in  the  later  stages  of  the  disease  b  practically  always  markedly 
below  the  normal.  Not  uncommonly  they  are  less  than  2000,  and 
in  some  instances  the  number  may  indeed  fall  below  1000.  The 
qualitative  changes  are  especially  important  and  fairly  character- 
istic of  the  different  stages  of  the  disease.  At  first,  while  the 
temperature  is  steadily  rising  there  is  a  neutrophilic  hyperleuko- 
cytosis of  moderate  degree;  this  is  associated  with  a  moderate  de- 
crease of  the  lymphocytes,  while  the  eosinophiles  disappear.  Then 
the  neutrophiles  diminish  and  the  period  of  the  hypoleukocytosis 
properly  speaking  commences.     During  this  stage,  viz.,  the  stage  of 

*  Da  Costa  and  Kalteyer  Amer.  Med.,  1901,  p.  306. 

'  Trans.  Assoc.  Amer.  Phys.,  1902,  p.  409. 

'  N&geli,  Deutsch  Archiv,  Ixvii,  parts  iii  and  iv.  Kolner,  ibid.,  Ix,  p.  221. 
Thayer,  Johns  Hopkins  Hosp  Bull.,  1901,  vol.  iii,  p.  500;  and  Studies  in  Typhoid 
Fe\'er,  Johns  Hopkins  Press,  1901,  p.  487. 
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continued  fever,  the  neutrophiles  usually  number  from  3000  to  4000, 
as  compared  with  5000  to  6000  during  the  second  half  of  the  first 
week.  The  lymphocytes  are  now  also  diminished,  but  tend  to  rise 
toward  the  end  of  this  period;  the  eosinophiles  are  absent.  During 
the  third  stage  (remission)  the  neutrophiles  decrease  still  further — 
1500  to  2500 — while  the  lymphocytes  increase  and  a  few  eosinophiles 
appear.  In  the  fourth  stage  (defervescence)  the  neutrophiles  reach 
their  minimum,  900  in  severe  cases,  while  the  lymphocytes  are  rela- 
tively much  increased  and  the  eosinophiles  gradually  return  to  normal. 
The  reascent  of  the  neutrophiles  then  occurs  veiy  slowly,  while  coin- 
cidently  there  is  a  lymphocytosis  which  is  especially  marked  in  children 
and  continues  far  into  convalescence.  Normal  values  are  some- 
times not  reached  until  after  a  couple  of  months.^ 

In  the  event  of  a  relapse  occurring  during  an  afebrile  period  there 
is  a  distinct  neutrophilic  hyperleukocytosis,  the  actual  number  depend- 
ing upon  the  preceding  counts,  to  which  from  3500  to  5000  neutro- 
philes are  added ;  at  the  same  time  the  eosinophiles  disappear.  Should 
a  relapse  occur  in  the  third  stage  of  the  disease,  then  the  eosinophiles, 
which  have  just  begun  to  reappear,  disappear  abruptly. 

Favorable  indications  in  cases  of  typhoid  fever  are  an  increase  of 
the  eosinophiles  at  the  height  of  the  disease;  reappearance  of  the 
eosinophiles,  indicating  arrival  at  the  third  or  fourth  stage;  an 
increase  of  the  lymphocytes,  which  appears  to  begin  only  at  a  time 
when  the  severest  part  of  the  intoxication  is  over;  not  too  great  a 
decrease  of  the  neutrophiles  in  the  absence  of  complications.  Un- 
favorable indications  are:  a  marked  decrease  of  all  leukocytes,  and 
especially  of  the  IjTnphocytes;  absence  of  hyperleukocytosis  and  a 
further  decrease  of  the  neutrophiles  in  the  event  of  complications, 
which  per  se  would  call  forth  a  hyperleukocytosis. 

In  the  event  of  complications  the  total  number  of  the  leukocytes 
frequently  does  not  exceed  the  upper  limit  of  the  normal;  but  in 
such  cases  a  differential  count  will  reveal  a  relative  increase  of  the 
neutrophiles. 

In  cases  of  perforation  there  is  frequently  an  increase  in  the  total 
number  of  the  leukocytes,  which  may,  however,  be  quite  transitory 
and  escape  observation  unless  an  early  examination  is  made  and 
previous  counts  are  available;  for  later,  when  peritonitis  is  general, 
the  leukocytes  are  usually  found  diminished.  In  some  instances 
there  is  no  increase  at  the  onset. 

In  one  of  Cabot's  cases  the  count  before  operation  was  8300,  and 
immediately  afterward  24,000.  Finney  reports  a  case  with  6500 
before  and  10,600  after.  In  one  of  Cushing*s  cases  there  was  an 
early    recognized    hyperleukocytosis    which    appeared    before    any 

^  In  mv  cxjxjrience  the  increase  of  the  mononuclear  elements  affects  not  only 
the  small  mononuclears,  but  also  the  large  mononuclears. 
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sign  of  general  peritonitis  had  developed;  8400  before  and  16,000 
after.  In  this  patient  it  was  interesting  to  note  that  following  the 
operation  the  leukocyte  fell  to  4000;  but  immediately  following 
the  development  of  obstruction,  due  to  kinking  of  the  bowel,  the 
leukocytes  increased  to  13,000  and  later  to  20,000,  to  fall  again  fol- 
lowing the  removal  of  the  obstruction.  In  a  second  case  operated 
by  Gushing  there  was  a  persisting  hyperleukocytosis,  associated 
with  abdominal  pain  and  tenderness,  at  one  time  reaching  15,200. 
Upon  the  development  of  general  peritonitis  the  count  showed  only 
4300.  Cabot  remarks,  "Steadily  increasing  leukocytosis  is  always 
a  bad  sign,  and  should  never  be  disregarded,  even  when  other  bad 
symptoms  are  absent,"  to  which  Gushing  adds,  **A  decreasing  leuko- 
cytosis may  be  a  much  worse  sign"  (Finney*). 

In  paratyphoid  fever  the  blood  condition  is  essentially  the  same  as 
in  typhoid  fever,  viz.,  hypoleukocytosis  early  in  the  disease,  disap- 
pearance of  the  eosinophiles,  and  later  a  marked  increase  of  the  lymph- 
ocvtes  which  continues  well  into  convalescence. 

Mea^les^  is  the  second  notable  exception  to  the  general  rule  that 
the  acute  infections  are  associated  with  a  polynuclear  neutrophilic 
hyperleukocytosis.  But  it  is  interesting  to  note  that  here  also  the 
hypoleukocytosis  is  preceded  by  a  preemptive  hyperleyJcocytosis, 
which  commences  at  the  beginning  of  the  period  of  incubation,  then 
increases  rapidly  and  reaches  its  maxinuim  about  the  sixth  day  be- 
fore the  appearance  of  the  eruption.  After  this  it  diminishes,  and 
at  the  appearance  of  the  exanthem  and  during  its  course  the  occur- 
rence of  an  increased  number  of  leukocytes  indicates  some  compli- 
cation. The  hypoleukocytosis  affects  the  poljmuclear  neutrophiles 
both  al)solutely  and  relatively,  while  the  lymphocytes  are  relatively  at 
least  increased.  The  eosinophiles  disappear.  The  hypoleukocytosis 
generally  reaches  its  maximum  on  the  second  day  of  the  eruptive 
stage,  when  the  number  of  leukocytes  is  reduced  to  about  one-half. 
After  this  they  increase  again  more  or  less  rapidly  and  reach  the 
normal  one  to  five  days  after  the  disappearance  of  the  rash,  unless 
some  complication  should  supervene.  Numerous  eosinophiles  then 
appear  together  with  an  absolute  and  relative  increase  of  the  poly- 
nuclear neutrophiles.'  Manicatide  and  Galasescu*  do  not  share 
the  generally  accepted  idea  of  the  decrease  of  the  leukocytes  during 
the  eruptive  stage  of  measles.  They  maintain  that  a  mild  increase 
is  usual  during  this  time,  which  then  disappears  with  desquamation. 

Urticaria,  syphilitic  roseola,  scarlatina,  and  the  exanthem  which  may 
follow  antitoxin  treatment  are  not  associated  with  hypoleukocytosis. 

*  Surgical  Treatment  of  Perforating  Typhoid  Ulcer.     Studies  in  Typhoid 
Fever.     Johns  Hopkins  Press,   1901,  p.   170. 

*  Reckzeh,  Zeit.  f.  klin.  Med.,  vol.  xlv,  p.  107  (full  literature). 

*  Renaud, .  Thfese  de   Lausanne,    1900. 

*  Folia  hsematol,  vol.  i,  p.  110. 
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In  uncomplicated  cases  of  ivberculosis  there  is  usually  no  increase 
of  the  leukocytes;  when  it  does  occur  it  is  generally  referable  to 
suppurating  cavities,  recent  hemorrhages,  and  resulting  anemia,  or 
to  advancmg  pneumonia.  The  increase  which  occurs  under  such 
conditions  is  moderate  and  does  not  often  exceed  15,000  cells.  Ewing 
states  that  he  has  seen  both  lungs  consolidated  and  riddled  with 
small  cavities  in  a  case  lasting  but  five  weeks,  and  yet  the  leukocytes 
were  never  found  above  12,000.  He  suggests  that  the  absence 
of  leukocytosis  in  such  cases  of  acute  phthisis  which  resemble  pneu- 
monia may  often  be  of  value  in  diagnosis.  Unfortunately  there 
is  no  large  series  of  examinations  available  from  which  to  decide  the 
relative  value  of  the  morphological  examinations  of  the  blood  in  the 
differential  diagnosis  between  acute  miUary  tuberculosis  and  typhoid 
fever.  According  to  Cabot  and  Warthin,  a  subnormal  number  of 
leukocytes  may  also  be  observed  in  acute  miUary  tuberculosa,  while 
Kolner*  thinks  the  leukocyte  count  important  in  distinguishing 
between  the  two  diseases. 

In  Malta  fever  the  number  of  the  leukocytes  is  usually  not  increased; 
some  authors  report  that  there  is  hypoleukocytosis  as  in  typhoid  fever.' 

In  uncomplicated  cases  of  cachexial  fever  (Kala^azar)  the  leuko- 
cytes according  to  Rogers  are  markedly  decreased.  In  India  a 
number  smaller  than  2000  is  regarded  as  almost  diagnostic  of  the 
disease,  but  this  may  occur  also  in  the  true  malarial  cachexia.  Rogers 
regards  a  reduction  of  the  ratio  of  the  whites  to  the  reds  to  below 
1  to  1500  as  quite  characteristic  of  cachexial  as  compared  with  other 
Indian  fevers.  The  more  marked  the  hypoleukocytosis  and  the 
reduction  of  the  neutrophiles  the  worse  the  outlook.  The  neutrophiles 
usually  number  from  40  to  50  per  cent.' 

Caq>enter  and  Sutton  report  low  values  in  dengue,  viz.,  4460  as 
average  with  1886  as  minimal.* 

In  uncomplicated  cases  of  influenza  the  total  number  of  leuko- 
cytes  is  commonly  diminished;  it  may,  however,  be  normal.  When 
an  increase  beyond  15,000  occurs,  some  complication  probably  exists. 
During  the  course  of  the  disease  I  have  noted  the  existence  of 
lymphocytosis,  with  low  eosinophile  values.  During  convalescence 
the  neutrophiles  may  show  maximal  normal  values. 

II\^)oleukocyt()sis  is  one  of  the  most  constant  symptoms  of  per-- 
fiicious  anemia,  during  the  active  perio<l  of  the  disease.  At  times  it 
mav  be  extreme.  Strauss  and  Rohnstein'*  cite  two  cases  with  400  and 
328  cells  respectively.  As  a  rule  it  is  much  more  moderate,  viz., 
2000  to  3000  cells  per  cubic  millimeter. 

*  Loc.  cit.,  p.  96. 

»  E.  Axisa,  CVntralbl.  f.  inn.  Med.,  1905,"  No.  11. 
»  Brit    Med.  Jour.,  April  1,  1905. 

*  Jour.  Amer.  Med.  Assoc,  January  21,  1905. 
'^lyoc.  cit. 


MICROSCOPIC  EXAMINATION  OF  THE  BLOOD  101 

In  splenic  anemia  also  hypoleukocytosis  is  a  common  feature 
at  some  period  in  its  course  and  is  at  times  most  marked.  Osier 
mentions  a  case  of  Vickeiy's  in  which  only  650  to  700  leukocytes  were 
counted  per  cubic  millimeter,  and  one  of  Peabody's  with  800  cells.  The 
average  count  in  the  series  collected  by  Osier  was  3850.*  Inmiediately 
after  a  profuse  hemorrhage  or  in  a  terminal  infection  there  may  be  a 
hyperleukocytosis. 

In  other  types  of  severe  anemia  hypoleukocytosis  is  less  constant. 

While  the  hypoleukocytosis  in  the  diseases  mentioned  is  rarely 
extreme,  most  extraordinary  instances  of  leukopenia  are  at  times 
encountered.  Ehrlich*  cites  the  case  of  a  well-built  young  man 
in  whom  brief  epileptiform  seizures  occurred,  and  in  one  of  which 
the  patient  died.  The  postmortem  examination  was  entirely  nega- 
tive. During  the  three  days  preceding  death  two  examinations 
of  the  blood  were  made.  On  the  first  not  a  single  leukocyte  could 
be  demonstrated  in  ten  blood  films,  and  on  the  second  day  but  one 
was  found  in  the  same  number  of  specimens. 

Of  drugs,  atropin,  camphoric  acid,  tannic  acid,  picrotoxin,  agaricin, 
menthol,  sulphonal,  and  several  other  antihydrotics,  cause  a  marked 
decrease  of  tfie  leukocytes.* 

Neutrophilic  Karyomorphism. — I  have  pointed  out  before  that 
the  neutrophiUc  elements  of  the  blood  can  be  subdivided  into  five 
classes  according  to  the  number  of  nuclear  divisions  (p.  81),  and  that 
the  percentage  figures  representing  these  classes  are  normally  quite 
constant  for  one  and  the  same  individual.  Ameth  has  shown  that  in 
disease  marked  deviations  from  these  normal  standards  may  occur,  and 
that  the  qualitative  changes  may  be  most  pronounced  even  though  there 
be  no  quantitative  changes  in  ihe  total  number  of  the  leukocytes,  and 
vice  \  ersa.  He  accordingly  distinguishes  between,  wo-,  normo-,  hyper-, 
and  hypocyiosis,  and  aniso-,  narmo-,  hyper-,  and  hypocytosis,  the  term  iso 
and  aniso  having  reference  to  a  normal  or  abnormal  nuclear  picture, 
respectively.  Arneth's  results  are  very  interesting  and  show  con- 
clusively that  the  absolute  leukocyte  count  per  se  is  relatively  of 
little  importance,  and  that  a  more  detailed  morphological  study  of 
the  blood  is  necessary  in  order  to  derive  all  the  information  possible 
from  the  blood  examination.  I  have  myself  insisted  for  years  that  of 
the  two  the  differential  count  is  more  important  and  from  my  experi- 
ence with  Arneth's  nuclear  studies  I  am  quite  prepared  to  admit 
that  his  method  will  at  times  furnish  information  of  value,  even  when 
the  differential  count  shows  but  little  abnormaUty. 

When  alterations  in  the  nuclear  picture  do  occur  the  change  usually 
first  affects  the  matuiest  forms,  viz.,  group  5;  then  follow  the  others 
until  in  extreme  cases  the  youngest  forms  largely  remain.    As  aniso- 

^  Amer.  Jour.  Med.  Sci.,  1902,  vol.  cxxiv,  p.  751. 

'  Die  Ansaane,  loc.  cit. 

'  Bohland,  Centralbl.  f.  inn.  Med.,  1899,  No.  15. 
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hypocytosis,  according  to  Ameth,  represents  the  most  serious  condition 
so  far  as  the  leukocytic  blood  picture  goes,  as  it  indicates  both  an 
extensive  destruction  of  leukocytes  and  a  defective  new  formation. 
Less  serious  would  be  an  anisonormocytosis,  more  favorable  an 
anisohypercytosis,  and  most  favorable  an  isohypercytosis. 

Anisohypocytosis  occurs  in  fatal  cases  of  pneumonia,  con- 
stantly in  typhoid  fever  and  measles,  frequently  in  varicella  and 
mumps,  further  in  severe  cases  of  septicemia,  in  septic  diphtheria, 
miliary  tuberculosis,  in  acute  articular  rheumatism,  fulminating 
appendicitis,  and  variola  in  the  initial  and  eruptive  stages. 

In  malignant  diseases,  so  long  as  no  complications  exist,  no  spe- 
cial influence  upon  the  nuclear  picture  can  be  demonstrated.  If  com- 
plications or  marked  metastases  occur  corresponding  changes  occur. 

Polynuclear  Eosinophilic  Hyperleukocjrtosis  (Eosinophilia).^— 

A  'physiological  increase  of  the  eosinophils  beyond  the  maximum 
observed  in  adults  is  seen  in  young  children.  According  to  Zap- 
pert,  the  relative  numbers  may  here  vary  between  0.67  and  11  per 
cent.,  and  Miiller  and  Rieder  even  speak  of  21  per  cent.  Personally 
I  am  not  prepared  to  admit  that  such  high  figures  occur  in  normal 
children.  I  rather  imagine  that  some  of  these  instances  were  cases 
of  worm  infection.  In  older  children  normal  adult  values  prevail, 
and  it  is  then  legitimate  to  consider  an  increase  beyond  these  figures 
as  abnormal. 

It  is  stated  by  some  fhat  there  is  a  physiological  increase  of  the 
eosinophiles  during  the  menstrual  period  and  following  coitus.  This 
is  inconstant  and  rarely  marked. 

Eosinophilia  is  thus  essentially  a  pathological  phenomenon.  It 
occurs  under  the  most  diverse  conditions,  as  in  myeloid  leukemia, 
in  bronchial  asthma,  in  various  skin  affections,  the  helminthiases, 
gonorrhea,  osteomyelitis,  following  the  injection  of  tuberculin,  etc. 

In  myeloid  leukemia  an  absolute  increase  in  the  number  of  eosino- 
philes is  one  of  the  most  constant  symptoms.  Ehrlich  indeed  has 
taught  that  this  increase  occurs  in  all  cases  and  must  be  demonstrable 
to  warrant  the  diagnosis.  In  view  of  rec^ent  advances  in  our  knowl- 
edge of  the  pathology  of  the  disease,  however,  this  idea  can  no  longer 
be  upheld,  as  it  has  been  shown  that  all  forms  of  leukemia  are  or  at 
least  may  be  of  myelogenous  origin.^  Cases  have  been  recorded 
in  which  the  blood  picture  was  essentially  that  of  the  orthodox  lym- 
phatic variety,  but  in  which  postmortem  examination  showed  a 
total  absence  of  involvement  of  the  lymph  glands,  while  the  bone- 
marrow  was  extensivelv  diseased.  In  these  eases  there  was  no  increase 
in  the  total  number  of  the  eosinophiles.  But  it  seems  that  even  in 
those  cases  in  which  the  blood  picture  is  essentially  that  of  a  mye- 

'  For  a  thorough  review  of  the  Hterature  on  eosinophilia  see  C.  E.  Simon, 
International  Clinics,   15th  series,   vol.   iv. 

*  Pappenheim,  Zeit.  f.  klin.  Med.,  vol.  xlvii,  p.  216 
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lemia  the  usual  increase  in  the  number  of  the  eosinophiles  may  be 
lacking.  I  have  reported  an  instance  in  which  these  cells  were  not 
only  not  increased,  but  practically  absent/  Such  cases,  however, 
are  exceedingly  rare,  and  it  may  still  be  regarded  as  the  rule  that  in 
those  cases  of  leukemia  in  which  extensive  myelocytosis  exists  the 
eosinophiles  are  absolutely  if  not  relatively  increased.  With  septic 
complications  occurring  in  the  course  of  the  leukemias  the  eosino- 
philes are  materially  diminished,  and  in  some  cases  they  may  be 
absent.  Exceptions,  however,  occur,  and  Ehrlich  cites  a  case  in 
which  the  absolute  number  of  eosinophiles  was  still  between  1400 
and  1500  per  cubic  millimeter,  although  the  percentage  had  fallen 
from  3.5  to  0.43. 

In  bronchial  asthma  an  increase  of  the  eosinophiles  is  observed 
quite  constantly  about  the  time  of  the  paroxysm,  and  may  amount 
to  from  10  to  53.6  per  cent.*  Its  occurrence  is  of  value  in  differ- 
ential diagnosis,  as  renal,  cardiac,  and  diabetic  asthmas  are  not  asso- 
ciated with  eosinophilia.  Between  attacks  the  numbers  may  be 
normal  or  increased. 

In  scarlatina^  an  increased  number  of  eosinophiles  is  quite  con- 
stantly observed  at  some  time  in  the  course  of  the  disease.  As  the 
result  of  an  anlaysis  of  167  cases  Bowie  finds  that  at  the  onset  of 
the  fever  they  are  diminished.  In  simple  favorable  cases  they  then 
increase  rapidly  until  the  height  of  the  disease  is  passed,  when  they 
diminish  again,  and  finally  reach  the  normal  some  time  after  the 
general  hyperleukocytosis  has  disappeared,  viz.,  when  the  poison  has 
all  been  eliminated.  The  more  severe  the  case  the  longer  are  the 
eosinophiles  subnormal  before  they  rise  again;  in  fatal  cases  they 
never  rise,  but  rapidly  decrease  to  zero.  Bowie  thinks  that  the 
curve  of  the  eosinophiles  is  of  value  from  a  prognostic  standpoint. 
If  they  are  normal  or  subnormal  after  the  first  day  or  two,  the  case 
will  in  all  probability  be  a  severe  one.  In  Reckzeh's  series  the 
highest  percentage  was  12.5,  and  the  largest  total  number  1350. 

In  measles  an  increase  of  the  eosinophiles  does  not  occur. 

In  many  skin  diseases  eosinophilia  may  also  occur,  especially 
in  the  bullous  dermatoses,  viz.,  Duhring's  dermatitis  herpetiformis, 
pemphigus  foliaceus,  and  pemphigus  vegetans,  where  12  to  22  per 
cent,  represent  average  values.  In  other  skin  diseases  the  tendency 
toward  hypereosinophilia  is  also  fairly  pronounced,  the  degree  of 
increase  depending  very  largely,  though  not  exclusively,  upon  the 
extent  of  the  local  process,  as  also  upon  the  severity  of  the  case. 
Light  cases  may  thus  show  values  which  are  practically  normal. 
The  list  of  diseases  in  which  an  increased  eosinophile  count  has  been 

*  C.  E.  Simon,  Amer.  Jour.  Med.  Sci.,  June,  1903. 

*  Billings,  N.  Y.  Med.  Jour.,  vol.  Ixv,  p.  691. 

*  Zappert,  Zeit.  f.  klin.,  Med.,  1893,  p.  292.  Reckzeh,  ibid.,  vol.  xlv  (literature). 
Bowie,  Jour.  Path.  u.  Bact.,  1902,  vol.  viii,  p.  82. 
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noted  includes  herpes  zoster,  prurigo,  eczema  (as  high  as  45  per  cent), 
psoriasis,  lichen  ruber  planus,  urticaria  (up  to  60  per  cent.),  denn- 
atoses  of  toxic  origin — lead,  mercury,  picric  acid,  benzin  (up  to  31.5 
per  cent.),  sclerodermia,  mykosis  fungoides  (37  per  cent.),  lupus  and 
lepra  (8  to  61  per  cent.).    Exceptions,  however,  also  occur. 

Sabraz^  and  Mathis  have  described  eosinophilia  in  connection 
with  a  disease  termed  Ej-Mo,  occurring  in  Tonkin  and  Laois.^ 

Leredde  and  Poutrier  have  observed  eosinophilia  in  association 
with  a  skin  eruption  following  the  ingestion  of  antipyrine.* 

Of  special  interest  is  the  increase  of  the  eosinophues  in  the  hdmin- 
thidses.  This  is  particularly  marked  in  ankylostomums  (uncinariasis^ 
hookworm  infection),  where  72  per  cent,  were  counted  in  one  case. 
As  a  general  rule,  however,  it  is  not  so  extensive.  The  eosinophilia 
in  hookworm  infection  is  very  constant  and  unless  other  maiiifest 
sfymptoms  exist  which  would  surest  a  different  origin,  its  occurrence 
should  always  lead  to  a  careful  examination  of  the  stools  for  the  eggs 
of  the  parasite.  I  have  repeatedly  made  a  probable  diagnosis  of 
uncinariasis  in  persons  coming  from  the  sand  region  of  the  South, 
on  the  basis  of  a  blood  hypereosinophilia,  where  no  other  clinical 
symptoms  and  no  anemia  existed,  but  where  subsequent  examination 
of  the  feces  bore  out  the  correctness  of  the  diagnosis.  The  increase 
of  the  eosinophiles  may  be  out  of  all  proportion  to  the  number  of  the 
eggs  found.  This  method  I  should  suggest  especially  when  large 
bodies  of  men  are  to  be  examined.  The  fecal  examination  can  then 
follow  in  those  cases,  where  blood  examination  shows  the  existence  of 
a  definite  anomaly. 

It  is  noteworthy  that  the  hypereosinophilia  of  uncinariasis  may  be 
absent  when  the  individual  is  greatly  reduced  by  anemia. 

From  a  study  of  100  cases  of  uncinariasis  in  Porto  Rico,  Ashford' 
draws  the  following  conclusions: 

1.  Eosinophilia  occurs  at  some  period  in  all  cases.  It  is  most 
marked  in  early  cases  and  in  late  cases  where  blood  regeneration  is 
still  active;  20  to  50  per  cent,  is  then  not  unconmion. 

2.  In  chronic  cases  or  in  those  who  have  been  profoundly  anemic 
for  a  long  time  the  eosinophile  count  is  more  apt  to  be  low  than  high. 

3.  When  there  is  a  fall  of  eosinophiles,  accompanied  by  a  lack  of 
improvement  in  the  physical  signs,  death  is  apt  to  follow.  A  slow 
rise  in  eosinophiles  marks  a  long  convalescence. 

In  bilharziasis  eosinophilia  is  also  well  pronounced.  In  22  pure 
cases,  uncomplicated  by  uncinariasis,  reported  by  Kautsky-Bey,*  the 
minimum  percentage  was  5  and  the  maximum  53.  In  the  majority 
of  cases  the  values  were  between  10  and  20. 

»  Gaz.  hebd.  de  Bord..  1903,  p.  182. 
»  Soc.   de   biol.,    1903. 

*  Amer.  Med.,  1903. 

*  Zeit.  f.  klin.  Med.,  1904,  vol.  Hi,  p.  192 
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In  the  presence  of  oi^rides  Buckler*  found  16  per  cent.;  19  per 
cent,  were  counted  in  association  with  ascarides,  and  Leichtenstem 
reports  one  case  of  Taenia  mediocanellata  with  34  per  cent.  It  is  to 
be  noted,  however,  that  eosinophilia  is  not  a  constant  feature  in  infec- 
tions with  the  conunon  taenise,  oi^ris,  and  ascaris,  and  that  the  number 
may  not  exceed  minimum  normal  values.  In  cases  of  infection  with 
the  bothriocephalus  eosinophilia  does  not  occur  (Schaumann).  This 
has  been  the  experience  also  of  others,  at  least  in  those  cases  in  which 
active  and  pronounced  anemia  existed.  After  removal  of  the  worm 
the  eosinophiles  may,  however,  temporarily  increase  beyond  the 
normal,  as  in  one  of  Gilman  Thompson's  cases'  (9  per  cent.). 

In  a  fatal  infection  with  Balantidium  coli  Strong  and  Musgrave' 
observed  a  relative  increase,  and  it  appears  that  in  amebic  coUtis  also 
a  moderate  eosinophilia  is  not  uncommon.^ 

As  Brown^  has  shown,  a  remarkable  increase  of  the  eosinophiles 
occurs  in  trichinosis  during  the  acute  stage.  In  his  first  four  cases 
with  a  total  leukocyte  count  of  35,000,  13,000,  17,000,  and  18,000 
the  percentage  of  eosinophiles  was  68.2,  42.8,  49,  and  48,  respect- 
ively. Kerr  noted  even  a  higher  percentage  in  one  case,  viz.,  86.6. 
Similar  results  have  been  obtained  by  Thayer,"  Cabot,^  Gwyn,' 
BlumeivNeumann,*  and  others,  and  it  can  now  be  regarded  as  an 
established  fact  that  the  occurrence  of  eosinophilia  is  one  of  the 
most  constant  and  diagnostically  impoitant  symptoms  of  the  dis- 
ease. It  is  in  a  general  way  proportionate  to  the  intensity  of  the  infec- 
tion; when  this  is  profound,  however,  the  eosinophiles  may  not  be 
increased  and  may  indeed  be  diminished  (Da  Costa,  Opie,  Howard, 
Drake,  and  Cutler^®).  The  eosinophiUa  persists  for  a  long  time  (in 
my  own  case  for  three  months).  A  very  interesting  case  of  trichinosis 
is  reported  by  McCrae,"in  which  the  disease  was  complicated  by 
typhoid  fever;  the  eosinophilia  was  here  nevertheless  well  marked. 

In  filariasia  also  eosinophilia  may  occur.  As  the  result  of  his 
study  of  four  cases  of  the  disease  in  the  Philippines,  Calvert**  concludes 
that  in  the  early  stages  hyperleukocytosis  with  an  increase  of  the 
eosinophiles  may  be  looked  for,  but  that  the  number  of  the  leukocytes 
in  general,  as  also  of  the  eosinophiles,  returns  to  normal  as  the  disease 
progresses.     In  one  of  his  cases  the  percentage  increased  to  22,  but 

Munch,  med.  Woch.,  18d4,  Nos  2  and  3. 

Med.  News,  April  8,  1905. 

Johns  Hopkins  Hosp.  Bull.,  1901. 

Ambers,  '^Amoebic  Colitis  in  Children/'  Johns  Hopkins  Hosp.  Bull.,  1901. 

Jour,  t^xp,  Med.,  vol.  iii,  p.  315;  and  Johns  Hopkins  Hosp.  Bull.,  1897. 

Phila.  Med.  Jour.,  vol.  i,  p.  654. 

Boston  Med.  and  Surg.  Jour.,  vol.  czxxvil,  p.  676. 

Centralbl.  f.  Bakt.,  vol.  zxv,  p,  746. 

Amer.  Jour.  Med  Sci.,  vol.  cxix,  p.  14. 
>•  Trans.  Assoc.  Amer.  Phys.,  1902,  p.  356. 
^^  Amer.  Jour.  Med.  Sci.,  1902,  vol.  czxiv,  p.  56. 
^  Johns  Hopkins  Hosp.  BuU.,  1902,  vol.  xiii,  p.  133. 
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varied  within  twenty-four  hours  between  this  point  and  8.  In  a 
case  of  long  standing  which  I  had  occasion  to  examine  I  found  but 
2  per  cent,  of  eosinophils,  with  36  per  cent,  of  lymphocjrtes.  Cal- 
vert, on  the  other  hand,  noted  an  increase  of  the  lymphocytes.  A 
relation  between  the  number  of  embryos  and  the  percentage  of  the 
different  leukocytes  does  not  appear  to  exist. 

In  hydatid  disease  the  number  of  observations  so  far  recorded 
is  as  yet  too  small  to  indicate  the  frequency  with  which  hypereo- 
sinophilia  is  observed.  Seligman  and  Dudgeon*  report  a  case  of 
hydatid  disease  of  the  liver  with  57  per  cent  of  eosinophiles.  Bloctf 
mentions  one  with  14.7  per  cent.,  notwithstanding  the  fact  that  the 
cyst  was  suppurating.  Still  more  lecently  Sabrazfes"  described  three 
cases,  all  with  hypereosinophilia,  and  still  others  are  recorded  by 
Audibert,*  Dargein  and  Tribondeau,*  Achard  and  Clerc — one  case 
with  40  per  cent.,®  Achard  and  Laubry,^  Frederici*  and  Meyer. 
That  not  all  cases,  however,  are  associated  with  hypereosinophilia  is 
indicated  by  the  negative  reports  of  Bloch,  Gourrand,*  Launois  and 
Weil,*®  and  Besan9on  and  Weil." 

Dr.  J.  Ramsey,  of  Launceston,  Tasmania,  has  kindly  sent  me  his 
findings  in  5  cases  of  hydatid  disease.  In  4  of  these  there  was  no 
suppuration,  but  eosinophilia  (28.4  per  cent.)  only  odcurred  in  1. 
The  others  presented  normal  values;  in  1  suppurating  case  no 
eosinophiles  were  seen. 

In  Medina  worm  (Guinea  worm)  infection  eosinophilia  has  also 
been  noted.*^  It  is  said  to  be  present  always  in  connection  with  the 
fever  due  to  the  presence  of  the  worm. 

It  is  generally  stated  that  in  malaria  the  eosinophiles  are  present 
in  increased  numbers  during  the  afebrile  period,  and  rarely  diminish 
below  the  minimum  normal  values  even  at  the  time  of  a  paroxysm. 
Zappert*^  reports  a  case  in  which  on  the  day  following  the  last  attack 
20.34  per  cent.  (1486  absolute)  were  found.  Krauss"  on  the  other 
hand,  in  an  analysis  of  204  cases  of  malaria,  in  nearly  all  of  which 
the  organism  could  be  demonstrated,  found  but  2  per  cent,  on  an 
average  and  supernormal  values  only  exceptionally.  Fontaine,  who 
has  had  extensive  experience  in  the  study  of  this  question  in  Louisiana, 
tells  me  that  in  uncomplicated  malaria  eosinophilia  is  but  rarely  seen. 

In  malignant  disease  eosinophilia  apparently  occurs  in  only  a  rela- 
tively small  percentage  of  cases,  and  when  present  is  usually  of 

»  Lancet,  June  21,  1902.  *  Deut.  med.  Woch.,  No.  29,  1903. 

'  Gaz.  hebdom.  des  sci.  mM.  de  Bordeaux,  1903. 

*  L'^osinophilie,    Paris,    1903.  ^  8oc    de  biol.,   1901. 

•  Gaz.  hebdom.,  1902.  '  Soc.  de  biol.,  1901. 
«  Rivista  crit.  di  clin.  med.,  1902.          •  Cited  by  Mever  (50). 

»«  Soc.  Tn6d.  des  hop.,  1902.  "  Arch.  gen.  de  m(>d.,  1902. 

"  RemHnger,  Soc.  de  biol.,  July  9,  1904. 

*'  Zeit.  f.  klin.  Med.,  vol.,  xxiii,  p.  227. 

"  Jour.  Amer.  Med.  Assoc,  October  22,  1904. 
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moderate  grade — i.  e.,  not  exceeding  7  to  10  per  cent.  Occasionally, 
however,  the  increase  is  most  remarkable.  Reinbach  cites  a  case  of 
lymphosarcoma  (malignant  l}rmphoma)  of  the  neck  with  metastases 
in  the    bone-marrow,  in  which  60,000    eosinophiles  were  counted. 

In  the  differential  diagnosis  of  carcinoma  from  pernicious  anemia  I 
have  found  that  an  increase  of  poljmuclear  neutrophiles  associated 
with  a  normal  or  supernormal  eosinophile  count  is  very  suggestive  of 
cancer. 

A  gonorrheal  eosinophilia  has  been  noted  by  various  observers. 
From  an  analysis  of  45  cases  which  Owings  studied  in  my  laboratory 
it  appears  that  with  an  extension  of  the  inflammatory  process  to  the 
posterior  urethra  the  number  of  cases  increases  in  which  an  increased 
percentage  of  eosinophiles  is  found  in  the  blood,  and  in  cases  of 
prostatitis  eosinophilia  is  the  rule.  During  the  first  week  of  the 
disease  the  blood  is  apparently  always  normal.  In  the  second  and 
third  weeks  it  is  normal  in  only  33  per  cent,  of  all  cases,  and  after 
two  months'  duration  an  increased  number  is  still  observed  in  40 
per  cent.  The  percentage  of  the  eosinophiles  usually  does  not 
exceed  12  per  cent.  At  times,  however,  larger  numbers  are  found; 
Bettmann  cites  a  case  of  gonorrheal  epidid)rmitis  with  25  per  cent. 
Occasionally  the  eosinophilia  is  associated  with  a  neutrophilic  hyper- 
leukocytosis;  this  is  usually  of  moderate  intensity,  but  may  be  quite 
marked  when  the  urethritis  is  complicated  by  an  epididymitis,  an 
orchitis,  or  a  cystitis. 

More  commonly  the  neutrophiles  are  diminished  in  uncomplicated 
cases  while  the  lymphocytes  and  often  also  the  large  mononuclear 
leukocytes  are  increased. 

It  is  important  to  note  that  in  gonorrheal  arthritis  also  the  eosino- 
philes are  increased. 

In  association  with  chronic  tumors  of  the  spleen  and  after  extirpa- 
tion of  the  organ  eosinophilia  has  been  repeatedly  observed.  After 
extirpation  eosinophiUa  is  not  immediately  observed,  however,  but 
develops  only  after  many  months  and  is  of  moderate  grade. 

Granasso^  claims  that  in  surgical  tuberculosis  of  children  the  eosino- 
philes are  always  increased,  the  number  being  largest  in  the  lighter 
and  in  the  convalescent  cases.  In  the  event  of  a  complicating  febrile 
disease  or  in  connection  with  pyogenic  infections  a  drop,  of  course, 
takes  place.  In  a  suppurating  glandular  case  I  recently  counted  12 
per  cent. 

As  I  have  pointed  out,  the  eosinophilic  leukocytes  are  relatively 
diminished  and  may  disappear  altogether  in  the  great  majority  of 
the  acute  infectious  diseases,  with  the  exception  of  scarlatina,  while 
hyperleukocytosis  referable  to  the  poljmuclear  neutrophilic  cells  exists. 
In  the  postfebrile  period,  however,  the  upper  limit  of  the  normal  and 

*  Osped.  Maria  Vittorio,  Torino. 


108  THE  BLOOD 

even  a  well-marked  eosinophilia  are  often  observed.  Tiirk*  found  an 
ejncriiic  eosiTwphUia  of  5.67  per  cent.  (430  absolute)  in  a  case  of  pneu- 
monia, and  after  an  attack  of  acute  articular  rheumatism  9.37  per 
cent.  (970  absolute).  I  have  seen  an  eosinophilia  of  10.5  per  cent 
after  pneumonia. 

An  eosinophilia  referable  to  drugs  has  been  described,  but  has 
attracted  little  attention.  Neusser  mentions  that  pilocarpine  will  pro- 
duce eosinophilia,  as  also  iron,  nuclein,  and  its  derivatives,  but  gives 
no  details,  v.  Noorden  reports  the  occurrence  of  eosinophilia  follow- 
ing the  internal  use  of  camphor  (in  two  chlorotics).  Similar  observa- 
tions have  been  made  in  animals  after  poisoning  with  carbon  dioxide. 

Following  the  injection  of  tuberculin  an  increase  of  the  eosino- 
philes  has  been  observed  in  those  cases  in  which  a  febrile  reaction 
had  occurred.  In  one  case  reported  by  Grawitz  the  eosinophilia 
reached  its  highest  point,  viz.,  41,000,  three  weeks  after  the  injections 
had  been  stopped. 

Polynuclear    Eosinophilic    Hypoleukocytosis     (Hypo-eosino- 

philia). — A  diminution  in  the  number  of  the  eosinophiles  is  notably 
observed  in  the  acute  infectious  diseases  which  are  associated  with  a 
neutrophilic  hyperleukocytosis.  The  only  exception  to  this  rule  appar- 
ently is  scarlatina,  but  here  also  their  number  is  diminished  at  the 
onset  of  the  fever,  and,  as  I  have  stated,  in  fatal  cases  they  rapidly 
disappear.  Aside  from  the  infections  which  lead  to  an  increase 
of  the  polynuclear  neutrophiles,  hypo-eosinophiUa  also  occurs  in 
those  forms  which,  like  measles  and  typhoid  fever,  are  associated 
with  a  decrease  of  the  leukocytes.  We  may  accordingly  formulate 
the  general  rule  that  a  diminution  in  the  number  of  the  eosinophiles 
will  be  observed  at  some  period  in  the  course  of  the  various  acute 
infectious  diseases,  no  matter  whether  they  are  associated  with  a 
general  polynuclear  hyperleukocytosis  or  not.  The  extent  to  which 
this  may  go  is  variable;  in  the  milder  infections  the  values  may  be 
but  little,  if  any,  below  the  minimum  normal,  but  in  the  severer  and 
more  protracted  cases  not  a  single  eosinophile  may  be  met  with  in  a 
differential  count  of  a  thousand.  Whether  or  not  cases  occur  in 
which  they  are  wholly  absent  I  am  not  prepared  to  say.  I  have 
pointed  out  before  that  I  designate  a  neutrophilic  increase  associated 
with  an  eosinophilic  decrease  as  the  septic  factor,  and  regard  its 
demonstration  as  one  of  the  most  valuable  symptoms  in  the  diagnosis 
of  pyogenic  infections.  In  active  appendicitis  it  is  of  constant  occur- 
rence and  will  serve  to  differentiate  the  condition  from  non-infectious 
abdominal  affections. 

Aside  from  the  acute  infectious  diseases  it  is  uncommon  to  meet 
with  a  material  diminution  of  the  eosinophiles.  It  has  been  observed 
after  severe  muscular  exercise  and  after  castration,  and  it  is  com- 

*  Klinische  Blutuntereuchungen,  Wien,  1898. 
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monly  noted  in  lymphatic  leukemia  with  high  l)rmphocyte  counts. 
Da  Costa^  states  that  he  has  found  a  decrease  or  even  an  absence 
of  eosinophiles  in  the  majority  of  cases  of  chlorosis  and  pernicious 
anemia.  This  decrease  in  pernicious  anemia  has  also  been  observed 
by  others,'  and  is  apparently  the  rule  during  the  active  stage  of  the 
disease;  in  the  interval,  however,  normal  and  even  supernormal 
values  may  be  obtained.  It  is  essentially  seen  in  the  kryptogenetic 
type,  while  in  parasitic  pernicious  anemia  the  eosinophiles  may  be 
increased.  In  these  cases  a  decrease  may,  however,  also  occur  when 
the  infection  is  very  severe. 

I  have  reported  a  remarkable  case  of  atypical  myeloid  leukemia  in 
which  eosinophiles  were  practically  absent.' 

Lymphocytosis. — According  to  Ehrlich's  conception  of  lympho- 
cytosis as  a  'passive  hyperleukocytosis,  an  increased  number  of  lympho- 
<^es  will  be  found  in  the  blood  in  conditions  which  are  associated 
with  a  hyperplasia  of  lymphadenoid  tissue,  the  lymphocytes  being 
mechanically  washed  into  the  blood  current.  But,  as  I  have  pointed 
out,  there  is  evidence  to  show  that  the  lymphocytes  also  may  iollow 
the  laws  of  chemotaxis,  and  that  an  active  lymphocytosis  may  possibly 
occur  which  is  analogous  to  the  hyperleukocytoses  referable  to  the 
polynuclear  granular  elements.* 

Under  physiological  conditions  an  increased  number  of  lympho- 
cytes is  notably  observed  in  early  childhood.  Following  the  tem- 
porary increase  of  the  polynuclear  neutrophiles  which  occurs  during 
the  first  twenty-four  hours,  the  lymphocytes  rapidly  increase  in 
number,  so  that  by  the  twelfth  day  they  represent  45  per  cent,  of 
all  leukocytes  (Carstanjen).  Gundobin  gives  59  per  cent,  as  an 
average  value  for  sucklings  as  compared  with  34.6  per  cent,  of  poly- 
nuclear neutrophiles.  In  adult  life  a  physiological  increase  of  the 
lymphocytes  is  notably  seen  in  connection  with  the  increase  of  the 
polynuclear  neutrophiles  which  occurs  during  the  process  of  digestion. 

Under  pathological  conditions  lymphocytosis  is  more  common  in 
children  than  in  adults,  and  it  is  noteworthy  that  in  anemic  and 
poorly  developed  children  the  normal  ratio  of  lymphocytes  to  the 
polynuclear  neutrophiles  is  reached  only  late.  As  a  general  rule  the 
increase  of  the  lymphocytes  is  not  excessive  and  does  not  raise  the 
total  leukocyte  count  much  above  30,000  to  40,000.  Lymphocytosis 
of  this  order  is  notably  seen  in  rickets,  in  whooping-cough,  measles, 
congenital  syphilis,  in  various  subacute  intestinal  disorders  of  child- 
hood, at  times  in  bronchopneumonia,  etc. 

*  Ginical  Hematology,  Blakiston,  Phila.,  1901. 
'  Strauss  u.  Rohnstein,  loc.  cit.,  p.  31. 

■  Simon,  Amer.  Jour.  Med.  Sci.,  June.  1903. 

*  Jolly,  "  Sur  les  mouvements  amceboiaes  des  globules  blancs  "  etc.,  CJomptes- 
rend.  de  la  Soc.  d.  biol.,  1898,  vol.  x,  sdrie  v;  and  Wolff,  "Giebt  es  eine  aktive 
Lymphocytose,"  Deutsch.  Aerzte-Zeit.,  1901,  No.  18. 
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In  whoojnng-cough  during  the  convulsive  stage  the  total  number 
of  leukocytes  may  be  increased  to  four  times  the  normal;  the  average 
in  De  Amicis  and  Pacchioni's  series*  was  17,943.  According  to  these 
observers,  the  hyperleukocytosis  is  demonstrable  on  the  first  day  of 
the  disease;  it  reaches  its  highest  point  in  the  convulsive  stage  and 
persists  some  time  after  cessation  of  the  typical  s)rmptoms.  WanstalP 
in  his  series  of  16  cases  finds  no  evidence  of  a  marked  general  hyper- 
leukocytosis, and  reports  that  in  some  the  leukocytes  were  actually 
decreased.  He  could  demonstrate  a  well-marked  lymphocytosis  dur- 
ing the  catarrhal  stage,  however,  in  almost  every  case,  which  varied 
between  40  and  60  per  cent.  Wanstall  concludes  that  an  increased 
percentage  of  lymphocytes,  at  least  equalling  if  not  exceeding  that  of 
the  polynuclear  neutrophiles,  is  a  valuable  aid  in  the  diagnosis  of 
whooping-cough  before  the  characteristic  symptoms  of  the  disease 
have  appeared.  Exceptions,  however,  occur,  in  which  the  lympho- 
cytosis does  not  reach  the  usual  high  figures. 

In  rickets  a  well-marked  lymphocytosis  is  the  rule,  which  is  both 
relative  and  absolute;  the  same  holds  good  for  congenital  syphilis 
and  for  the  secondary  stage  of  the  acquired  disease. 

In  bronchopneumonia  there  is  at  times  a  well-marked  lympho- 
cytosis instead  of  a  polynuclear  hyperleukocytosis.  Cabot  cites  an 
instance  with  a  total  leukocyte  count  of  94,600  and  66  per  cent,  of 
lymphocytes. 

In  measles  there  is  at  first  an  increase  of  the  polynuclear  neutro- 
philic elements;  later  the  lymphocytes  increase  in  inverse  proportion 
to  the  neutrophiles,  the  total  number  being  largely  dependent  upon 
the  degree  of  glandular  involvement. 

In  typhoid  fever  a  relative  lymphocytosis  begins  about  the  end  of 
the  first  week  and  reaches  its  highest  point  in  the  stage  of  defer- 
vescence. Ewing  states  that  he  has  found  a  uniform  relation  in 
this  disease  between  the  lymphocytosis  in  the  blood  and  the  grade  of 
lymphatic  hyperplasia  found  at  autopsy.  He  records  an  instance  in 
which  the  examination  of  the  blo(xl  let!  to  a  strong  suspicion  of  lym- 
phatic leukemia,  and  in  which  at  autopsy  the  mesenteric  glands  were 
of  unusually  large  size,  and  the  edges  of  the  partly  necrotic  intestinal 
ulcers  rose  1.5  cm.  above  the  mucosa. 

In  smallpox  there  is  a  general  tendency  to  an  increase  of  the  mono- 
nuclear elements.     The  same  is  seen  in  varicella. 

In  tuberculosis,  when  well  advanced,  the  lymphocytes  are  usually 
diminished,  and  the  more  so  the  more  prominently  the  patients  have 
become  septic.  Early  in  the  disease  and  in  convalescent  cases  there 
is  often  a  distinct  tendency  to  lymphocytosis.  In  this  respect  my 
observations  agree  verj-  well  with  those  of  Holmes.'     In  a  series  of  202 

»  Clin.  Med.  Ital.,  1899,  No.  1. 

»  Amor.  Med.,  1902. 

'  Jour.  Amor.  Med.  Assoc,  Jan.  28,  1905. 
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cases  he  found,  associated  with  a  lymphocyte  count  of  10  or  lower,  only 

9  cases  which  could  be  viewed  as  recoveries  or  convalescents;  with 

10  to  20  per  cent.,  14  cases,  and  with  more  than  20  per  cent.,  39 
cases. 

In  uncomplicated  influenza  lymphocytosis  b  the  rule  during  the 
active  periocl  of  the  disease,  while  m  convalescence  the  neutrophiles 
may  show  maximum  normal  values. 

In  epilepsy  there  may  be  distinct  hyperieukocytosis,  referable  to  an 
increase  of  the  small  mononuclear  elements.  Boston  and  Pearce 
found  the  neutrophiles  down  to  29  per  cent. 

In  pellagra  mononucleosis  apparently  .occurs  with  characteristic 
regularity,  which  may  be  of  service  in  the  diagnosis  of  the  disease 
from  other  erythemas.* 

In  leprosy  both  I)rmphocytes  and  large  mononuclear  elements,  but 
especially  the  former,  are  increased. 

A  relative  as  well  as  absolute  lymphocytosis  occurs  in  the  helmin- 
thiases in  which  the  eosinophiles  are  markedly  increased.  It  is  espe- 
cially pronounced  in  trichinosis. 

In  general  paresis,  during  the  first  stage,  there  is  a  tendency  to 
hyperieukocytosis  of  the  neutrophiles  (70  to  80  per  cent.);  but  in  the 
third  stage  the  latter  fall  as  low  as  40  per  cent,  while  the  lymphocytes 
are  increased.^ 

A  well-marked  lymphocytosis  is  seen  in  Kala-azar. 

According  to  Sahli  a  decrease  of  the  total  leukocytes,  associated 
with  a  relative  increase  of  the  lymphocytes,  may  be  observed  in  hemo- 
philia. 

In  uncomplicated  cases  of  pseudoleukemia  an  absolute  increase  of 
the  leukocytes  does  not  occur;  but  there  is  usually  a  relative  increase 
of  the  lymphocytes  of  such  extent  that  the  normal  ratio  to  the  poly- 
nuclears  1  to  3  rises  to  2  to  3  to  1.  This  relative  lymphocytosis  Ehr- 
lich  and  Pinkus  regard  as  characteristic  of  true  pseudoleukemia, 
in  the  differential  diagnosis  from  sarcomatosis  and  other  lympho- 
matous  growths.' 

Grawitz,*  on  the  other  hand,  maintains  that  from  the  leukocyte 
count  no  diagnostic  conclusions  can  be  drawn,  and  cites  cases  in 
which  the  ratio  was  either  normal  or  in  which  the  lymphocytes  were 
actually  diminished. 

When  the  pseudoleukemic  process  involves  the  bone-marrow  the 
blood  findings  may  be  very  variable.  As  a  result  of  stimulation  of  the 
myeloid  tissue  myelocytosis  may  occur;  in  other  cases  the  blood  pic- 
ture  closely   resembles   that   of   lymphatic   leukemia    (leukanemia, 

*  Grigorescu  and  Galasescu.     Spitalul,  1903. 

•     *  Bruce,  Scott.  Med.  and  Surg.  Jour.,  June,  1903. 
'  Pinkus,  Die  Leuka»mie,  Xothnagel's  Encykl. 

*  Klinische  Pathol   d.  Blutes,  2d  ed. 
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pseudopemicious  anemia).  In  all  such  cases  anemia  is  at  the  same 
time  a  prominent  symptom  owing  to  the  replacement  of  the  ery- 
throblastic by  lymphadenoid  tissue. 

The  highest  grade  of  lymphocytosis  is  met  with  in  the  so-called 
lymphatic  form  of  leukemia.  As  in  the  myeloid  variety,  the  total 
number  of  leukocytes  is  here  also  veiy  much  increased,  though 
not  to  the  same  extent.  The  highest  count  in  Cabot's  series  was 
220,000  and  the  lowest  40,000,  so  that  we  may  regard  130,000  as 
an  average.  The  lymphocytes  usually  number  more  than  90  per  cent 
In  the  chronic  cases  the  small  lymphocyte  prevaib,  while  in  the 
acute  cases  the  large  lymphocyte  controb  the  blood  picture.  When 
septic  complications  develop,  the  total  number  of  the  leukocytes, 
as  in  the  myeloid  form  of  leukemia,  likewise  undei^goes  a  considerable 
diminution,  but  the  lymphocytes  still  remain  relatively  increased. 
In  one  of  Cabot's  cases,  in  which  as  the  result  of  septicemia  the  total 
number  of  leukocytes  fell  to  471  per  cubic  millimeter,  the  percentage  of 
lymphocytes  still  was  94.7. 

In  the  majority  of  cases  of  chloroma  there  is  a  moderate  leukocyto- 
sis with  lymphocytosis  of  the  small  or  large  cell  variety,  but  in  others 
myelocytes  enter  more  or  less  prominently  into  the  blood  picture. 

An  experimental  lymphocytosis  has  beien  observed  following  the 
injection  of  tuberculin  and  of  extract  of  carcinomatous  tissue  (Gra- 
witz).  Waldstein  claims  to  have  produced  a  marked  increase  of  the 
lymphocytes  by  hypodermic  injections  of  pilocarpine,  but,  according 
to  Ewing,  this  increase  is  only  relative  and  brought  about  by  a 
diminution  of  the  polynuclear  cells.  Wilkinson  speaks  of  a  lymph- 
ocytosis following  injections  of  quinine  hydrochlorate  and  Peny 
has  noted  the  same  after  the  administration  of  thyroid  extract.* 

Lymphopenia. — Lymphopenia  is  notably  observed  in  the  acute 
infections  which  are  associated  with  an  increase  of  the  polynuclear 
neutrophiles,  and  is  almost  always  relative.  The  condition  per  se 
has  received  but  little  attention,  and  is  relatively  unimportant  from  the 
clinical  standpoint. 

Variations  in  the  Number  of  Large  Mononuclear  Leukocytes.— 

Variations  in  the  number  of  the  large  mononuclear  leukocytes  are 
as  a  rule  not  sufficiently  marked  to  cause  either  a  distinct  increase 
or  decrease  of  the  total  number  of  the  leukocytes.  One  notable 
exception  to  this  rule,  however,  exists  in  the  cases  of  the  acute  type 
of  lymphatic  leukemia,  in  which  the  predominant  cell  is  the  large 
lymphocyte,  viz.,  the  juvenile  form  of  the  common  large  mononuclear 
leukocjie,  in  the  sense  of  Pappenheim.  At  the  same  time  it  must 
be  noted  that  some  cases  of  chronic  lymphatic  leukemia  also  occur 
in  which  the  large  mononuclear  leukocyte  and  Ehrlich's  transition 
form  represent  a  large  percentage  of  the  leukocjies.     These  relations, 

^  ated  by  Da  Costa. 
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however,  are  not  constant.  A  decrease  is  notably  seen  in  myelocytic 
leukemia. 

In  the  so-called  pseudoleukemia  infantum  of  v.  Jaksch  a  marked 
increase  of  the  mononuclear  elements  is  observed  in  a  certain  per- 
centage of  cases,  but  in  the  larger  number  the  general  increase  of 
the  leukocytes  is  referable  to  an  increase  of  the  polynuclear  cells. 

A  relative  as  well  as  an  absolute  increase  of  moderate  grade  is 
observed  in  many  of  the  diseases  in  which  the  lymphocytes  are 
increased,  as  in  rickets,  syphilis,  measles,  scarlatina,  smallpox,  and 
according  to  my  experience  also  in  typhoid  fever,  etc.  I  have  ob- 
served a  marked  increase  in  a  case  of  Addison's  disease  a  few  days 
before  death,  and  found  notable  numbers  in  debilitated  individuals, 
in  association  with  sloughing  epithelioma,  etc. 

In  a  fatal  case  of  epidemic  cerebrospinal  meningitis  with  a  high 
leukocytosis  and  polynucleosis  which  I  recently  saw  there  was  both 
a  relative  and  absolute  increase  of  the  mononuclear  leukocytes. 
Some  of  these  as  well  as  some  of  the  neutrophiies  contained  menin- 
gococci. 

In  mycosis  fungoides  an  increase  of  the  large  mononuclear  elements 
has  been  noted  by  Hodara^  and  Pappenheim.^ 

A  distinct  increase  is  further  observed  in  chronic  malaria.  In 
this  connection  Krauss*  remarks  that  it  is  not  so  much  the  absolute 
increase  of  these  cells  which  is  diagnostic  of  malarial  infection  as  the 
relative  increase  over  the  small  mononuclears.  In  cases  of  malaiial 
infection  without  much  fever  and  without  quinine  the  polynuclears 
are  at  the  same  time  markedly  diminished,  while  during  the  rise  of  a 
malarial  fever,  or  as  a  result  of  quinine  therapy,  the  polynuclear 
neutrophiies  may  reach  80  per  cent. ;  but  even  then  the  large  mononu- 
clears exceed  the  small  mononuclears. 

In  Kala-azar,  as  in  malaria,  there  is  a  distinct  tendency  to  an  in- 
crease of  the  large  mononuclears.  In  a  series  of  10  cavses  reported  by 
Donovan,  the  average  was  21.58  with  variations  from  6  to  48  per  cent. 

Variations  in  the  Number  of  the  Mast-cells.— A  small  number 

of  mast-cells  is  found  in  the  blood  under  normal  conditions.  The 
presence  of  more  than  1.5  per  cent,  is  probably  always  pathological. 
A  remarkable  increase  is  noted  in  the  myeloid  type  of  leukemia 
and  is  one  of  the  most  constant  features  of  the  disease;  more  constant, 
in  fact,  than  the  increase  of  the  eosinophiles.  The  percentage  is  not 
necessarily  above  normal,  but  not  infrequently  values  of  from  5  to  10 
per  cent,  are  found.  It  is  noteworthy  that  this  increase  of  the  mast- 
cells  may  be  demonstrable  at  a  time  when  the  disease  is  appareiitly 
quiescent.    In  one  instance  of  this  kind  the  total  number  of  the  leuko- 

*  Monatsheft  f.  prakt.  Dermat.,   1904. 

*  Folia  ha»mat.,  vol.  i,  p.  487 

*  Jour.  Amer.  Med.  Assoc.,  October  22,  1904. 

8 


114  THE  BLOOD 

cytes  had  been  350,000;  three  months  later  I  counted  but  2080,  of 
which  10.9  per  cent,  were  mast-celb,  and  later  they  rose  to  15  per  cent. 

The  only  other  condition  in  which  I  have  found  such  high  values 
occurred  in  a  patient,  following  fracture  of  the  ankle  and  consequent 
cellulitis.  In  this  case  they  rose  to  17  per  cent,  and  the  blood  in  general 
presented  a  typical  leukemic  picture.  A  few  days  later  normal 
values  were  found. 

A  more  moderate  increase  is  noted  in  many  other  diseases.  Gen- 
erally speaking,  my  experience  has  been  that  they  are  more  numerous 
in  conditions  in  which  the  eosinophiles  also  are  increased,  and  are 
generally  diminished  when  the  eosinophiles  are  below  normal.  This 
rule,  however,  is  not  absolute.  I  have  found  values  above  the  normal 
in  various  skin  diseases,  in  gonorrhea,  in  certain  cases  of  malignant 
disease,  associated  with  eosinophiUa.  In  one  case  of  renal  carcinoma 
a  few  weeks  after  the  removal  of  the  growth  I  counted  more  than 
2  per  cent,  of  mast-cells,  with  but  1.9  per  cent,  of  eosinophiles. 

Canon  reports  an  increase  of  mast-cells  in  chlorosis;  Sherrington, 
in  cases  of  Asiatic  cholera,  dying  in  the  reactive  stage;  Taylor, 
in  two  cases  of  septic  bone  disease;  Da  Costa  states  that  an  increase 
has  also  been  observed  in  some  cases  of  splenic  anemia. 

I  have  found  the  number  diminished  or  entire  absence  of  mast- 
cells  in  some  cases  of  malignant  endocarditis,  appendicitis,  empyema, 
influenza,  tonsillitis,  intestinal  obstruction,  lumbar  abscess,  periproc- 
titic  abscess,  pernicious  anemia,  hematoma  of  the  abdominal  walls, 
diabetes,  carcinoma  of  the  cervix  (septic),  "black"  jaundice,  pneu- 
monia (unresolved).     In  malaria  the  number  is  usually  normal. 

Myelocytosis. — At  birth  and  during  the  first  weeks  of  life  it  is 
usual  to  meet  with  a  small  percentage  of  neutrophilic  myelocytes  in  the 
circulating  blood  under  perfectly  normal  conditions,  while  in  adults 
their  presence  is  always  abnormal.  In  children  the  tendency  to  mye- 
locytosis is  always  more  pronounced  than  in  adults.  Zelanski 
and  Cybulski,^  who  have  studied  this  question  more  particularly,  have 
found  myelocytes  in  a  great  many  diseases.  In  the  pseudoleukemia 
of  v.  Jaksch  the  number  varied  between  1.5  and  17.4  per  cent.,  in 
congenital  debility  from  3.5  to  12.5  percent.  In  congenital  syphilis 
they  found  myelocj'tes  quite  commonly,  the  number — usually  moderate 
— depending  upon  the  intensity  and  duration  of  the  morbid  process. 
They  disappear  upon  institution  of  mercurial  treatment.  In  rickets 
the  number  of  myelocytes  is  dependent  upon  the  intensity  of  the 
morbid  process.  In  the  lighter  cases  they  are  scanty  or  absent. 
Scrophulosis  is  not  associated  with  myelocytosis.  Tuberculosis  and 
catarrhal  processes  involving  the  digestive  apparatus,  of  long  duration, 
cause  the  appearance  of  myelocytes  in  fairly  large  numbers.  Very 
curiously  acute  dyspeptic  processes  were  also  found  associated  with 

*  Jahrb.  f.  Kinderheilk.,  1904,  vol.  Ix,  p.  884 
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myelocytosis  in  very  young  children.  In  a  case  of  congenital  atresia 
of  the  anus  they  found  20  per  cent,  of  myelocytes. 

Tiirk  has  shown  that  they  are  quite  common  in  the  acute  infectious 
diseases  of  childhood,  and  in  diphtheria  Engel  ascertained  that 
they  are  especially  numerous  in  the  severe  cases  (3.6  to  16.4  per 
cent.).  In  mild  infections  they  are  not  usually  seen,  and  when 
present  they  are  found  in  only  very  small  numbers.  In  pneumonia 
they  are  absent  or  very  few  in  number  at  the  beginning  of  the  dis- 
ease, while  at  the  time  of  the  crisis  or  immediately  thereafter  they 
become  more  numerous  and  in  some  cases  represent  12  per  cent,  of 
all  neutrophiUc  celb;  such  high  percentages,  however,  are  rather 
uncommon  and  are  more  apt  to  be  encountered  in  children  than  in 
adults.  In  acute  septic  conditions  a  small  number  of  myelocytes 
may  also  be  observed;  larger  numbers  are  found  in  the  more  chronic 
cases,  which  are  associated  with  marked  anemia.  In  a  case  of 
lumbar  abscess  which  had  been  discharging  for  six  months  I  found 
7.8  per  cent. 

In  a  case  of  "black"  jaundice  I  found  2.2  per  cent.  Neusser  has 
noted  their  presence  in  asphyxia  and  acute  mania;  Ewing  states  that 
they  have  been  found  in  considerable  numbers  in  rickets,  osteomyeli- 
tis, and  osteomalacia.  Da  Costa  speaks  of  their  occurrence  in  poison- 
ing by  carbon  monoxide,  in  hepatic  cirrhosis,  acute  gout,  malignant 
endocarditis,  and  exophthalmic  goitre. 

The  occurrence  of  myelocytes  under  these  conditions  is  to  be 
regarded  merely  as  a  quantitatively  or  gradually  increased  polynu- 
cleosis of  the  corresponding  granular  cells,  the  result  of  an  increased 
destruction  of  the  adult  cells  and  consequent  increased  production 
(anisohypercytosis).  This  is  in  contradistinction  to  the  myelocytosis 
associated  with  myeloid  leukemia  where  there  is  a  primary  increased 
formation  referable  to  myeloid  hyperplasia;  this  form  is  essentially  a 
passive  myelocytosis,  while  the  former  is  active. 

In  anemic  conditions  of  whatever  origin  it  is  common  to  meet 
with  a  moderate  number  of  neutrophiUc  myelocytes.  In  pernicious 
anemia  they  are  quite  constant  in  the  active  stage  of  the  disease; 
as  a  rule  the  values  do  not  exceed  0.5  to  1  per  cent.,  but  at  times  they 
may  reach  7  per  cent. 

Pappenheim  makes  a  distinction  between  primary  hemophthisic 
pernicious  anemia  of  the  Biermer  type  and  the  form  referable  to 
bothriocephalus  infection,  on  the  one  hand,  in  which  myelocytes  in 
•his  experience  do  not  occur,  and  primary  myelophthisic  spleno- 
meduUary  anemia,  myelomatosis,  and  myelogenous  pseudoleukemia 
(tumor  anemia,  pseudopemicious  anemia)  on  the  other,  in  which 
they  may  be  present. 

According  to  Kurpjuweit*  the  occurrence  of  myelocytes  in  large 

*  Deutsch.  Arch.,  vol.  Ixxvii. 
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numbers  (4  to  17  per  cent.)  in  connection  with  the  symptom  complex 
of  a  severe  anemia  is  to  be  viewed  as  almost  pathognomonic  of  malig- 
nant growth  with  lK)ne-marrow  metastases,  even  when  a  primaiy 
tumor  cannot  be  found. 

In  the  secondary  anemia  associated  vaih  syphilis  and  malignant 
disease,  as  also  in  the  pseudoleukemia  of  v.  Jak;»ch,  variable  figures  are 
found  (1.5  to  17  per  cent.).  In  a  young  child  in  which  a  notable 
anemia  had  developed  as  the  result  of  amebic  dysentery,  Ambeig 
counted  9  per  cent.  In  the  estivo-autumnal  type  of  malaria  they 
are  quite  common. 

The  neutrophilic  myelocytes  which  are  met  with  under  these 
various  conditions  are  almost  without  exception  of  the  small  trachy- 
chromatic  variety.  The  amblychromatic  variety  is  practically  only 
encountered  in  the  myeloid  type  of  leukemia,  which  is  really  the 
one  disease  in  which  large  numbers  of  myelocytes  of  all  kinds  find 
their  way  into  the  blood.  Upon  their  presence  in  numbers  exceeding 
those  found  in  all  other  diseases  the  diagnosis  is  largely  dependent. 
The  blood  state  is  that  of  a  true  mydemia.  The  number  of  neutro- 
philic myelocytes  in  myeloid  leukemia  is  often  most  remarkable,  and 
a  count  of  from  50,0()0  to  100,000  per  cubic  millimeter  is  by  no  means 
exceptional.  The  average  percentage  of  18  cases  reported  by  Cabot 
was  37.7,  corre^sponding  to  a  total  number  of  162,000  leukocytes. 
Coincidently  with  the  neutrophilic  myelocytes  eosinophilic  myelocytes 
also  ap[)ear  in  the  blood  and  may  constitute  the  majority  of  the  eosino- 
philic cells  seen  in  this  type  of  the  disease;  their  percentage,  how- 
ever, is  rarely  large.  The  total  number  of  the  polynuclear  eosino- 
philes  is  at  the  same  time  increased,  although  the  relative  percentage 
may  be  normal  or  even  slightly  below  normal.  The  polynuclear 
neutrophilic  cells  and  the  lymphocytes,  while  absolutely  increased, 
are  relatively  much  diminishecl.  Of  the  latter,  only  7.6  per  cent, 
are  found  on  an  average,  and  of  the  former  49.2  per  cent.,  as  com- 
pared with  20  to  30  and  60  to  70  per  cent.,  respectively,  under  nor- 
mal conditions.  The  mast-cells,  as  I  have  pointed  out,  are  inva- 
riably present  in  increased  numbers  in  the  myeloid  type  of  the  disease. 

While  the  majority  of  the  neutrophilic  and  eosinophilic  cells 
present  a  normal  habitus,  it  is  common  in  myeloid  leukemia  to 
meet  with  dwarfed  forms.  Occasionally  also  leukocytes  are  ob- 
ser\'ed  which  are  undergoing  mitosis.  Of  special  interest  is  the 
fact  that  in  certain  chn)nic  cases  of  the  disease  the  neutrophilic 
cells  appan*ntly  lose  the  power  of  forming  neutrophilic  material.' 
Non-granular  polynuclear  cells  and  myelocytes  then  appear  in  the 
blood  and  may  give  rise  to  much  confusion.  In  one  case  of  this  kind 
reported  by  Ehrlich  the  great  majority  of  the  mononuclear  elements, 
which  constituted  70  per  cent,  of  the  total  number,  were  entirely 
free  from  neutrophilic  granules. 

The  total  number  of  the  leukocvtes  in  myeloid  leukemia  in  the 
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active  stage  of  the  disease  is  much  increased.  In  Cabot's  series 
of  30  cases  the  average  was  438,000.  If  at  the  same  time,  as  not 
infrequently  occurs,  there  is  a  coincident  anemia  with  marked  diminu- 
tion of  the  red  celb  the  ratio  between  the  whites  and  reds  may  fall 
to  1  to  2  or  even  1  to  1 ;  there  are  cases  on  record,  indeed,  in  which 
the  leukocytes  outnumbered  the  red  celb.  Formerly  much  stress 
was  laid  upon  this  ratio  in  the  diagnosis  of  the  disease;  leukemia 
was  regarded  as  a  hyperleukocytosis  in  which  the  ratio  exceeded 
a  definite  proportion  that  was  generally  placed  at  1  to  50.  As  a  matter 
of  fact,  there  is  probably  no  other  disease  in  which  so  great  an  increase 
of  the  leukocytes  is  observed,  and  even  at  the  present  day  the  diagnosis 
is  usually  justifiable  when  an  increase  of  such  proportions  is  noted. 
But,  as  I  have  pointed  out,  myeloid  leukemia  is  essentially  a  myelemia 
and  not  a  hyperleukocytosis.  There  are  cases,  moreover,  exceptional 
to  be  sure,  in  which  the  increase  of  the  leukocytes  is  not  so  extreme. 
I  have  observed  one  case  in  which  the  total  number  was  only  2080 
and  the  ratio  of  the  whites  to  the  reds  1  to  1015.  The  diagnosis  of  the 
disease  should  hence  be  based  primarily  upon  qualitative  changes  in 
the  morphology  of  the  blood  and  only  secondarily  upon  an  increase 
of  the  leukocytes  as  a  whole. 

When  septic  complications  supervene  in  the  course  of  the  disease 
the  blood  condition  may  undergo  marked  changes.  Thus,  in  propor- 
tion to  the  degree  of  infection  the  myelemic  picture  gradually  dis- 
appears and  is  replaced  by  that  seen  in  simple  septic  conditions. 
I'he  polynuclear  neutrophiles  may  then  increase  to  90  per  cent., 
and  even  more,  while  the  eosinophiles  diminish  and  may  almost 
disappear. 

X-ray  treatment  in  a  certain  number  of  cases  may  cause  a  marked 
change  in  the  blood  picture.  The  total  number  may  fall  rapidly 
and  there  is  a  general  tendency  to  normal  conditions;  a  complete 
disappearance  of  myelocytes  is,  however,  veiy  rare.  The  mast-cells 
very  curiously  remain  above  normal. 

In  the  purely  lymphatic  form  of  leukemia  neutrophilic  myelocytes 
are  scanty;  there  are  cases  of  mixed  leukemia,  however,  in  which 
at  some  stage  of  the  disease  the  blood  picture  is  essentially  of  the 
lymphatic  tyi)e,  while  at  another  period  there  is  a  marked  myelo- 
cytosis.* 

In  a  case  of  compound  fracture  with  consequent  cellulitis  I  found 
a  blood  picture  which  was  typical  of  myelocytic  leukemia,  with  large 
numbers  of  myelocytes  (15  per  cent.).  After  a  few  days  there  was  a 
return  to  normal.  Hastings  tells  me  that  he  has  found  myelocytes 
in  3  to  7  per  cent,  of  cases  of  fracture. 

*  For  a  detailed  consideration  of  the  blood  changes  in  leukemia  see  especially : 
Pinkiis,  "Die  Leukaemie,"  Nothnagel's  Encycl.  Ewine,  Clinical  Pathology  of 
the  Blood,  I^a  Brothers.  Cabot,  Cunical  Exam,  of  the  IMood,  Wm.  Wood  H  Co. 
Pappenheim,  Zeit.  f.  klin.  Med.  Haematologiache  Streitfragen,  1903. 
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In  pseudoleukemia  myelocytes  are  essentially  seen  in  cases  where  the 
pathological  process  has  affected  the  bone-marrow  (myeloid  pseudoleu- 
kemia) and  where,  as  a  result  of  lymphadenoid  substitution  of  the 
myeloid  tissue,  an  irritative  myelocytosis  develops. 

Eosinophilic  myelocytes,  aside  from  their  occurrence  in  myeloid 
leukemia,  are  comparatively  rare.  They  have  been  found  in  the 
pseudoleukemia  of  infants;  MendeP  speaks  of  their  occurrence  in 
a  case  of  myxedema;  Turk'  reports  that  they  are  occasionally  seen 
in  some  of  the  infectious  diseases,  and  Bignami  claims  to  have  seen 
them  in  pernicious  malaria.  In  one  case  of  posthemorrhagic 
anemia  referable  to  a  ruptured  tubal  pr^nancy  I  found  1  per  cent, 
of  eosinophilic  myelocytes,  and  in  a  case  of  myelogenous  leukemia, 
in  which  the  eosinophiles  were  absolutely  much  diminished,  the  only 
eosinophile  that  I  could  find  in  many  slides  was  a  myelocyte.  In  a 
case  of  trichinosis  they  were  also  occasionally  seen  at  a  time  when 
the  eosinophiles  were  much  increased. 


The  Plaques. 

In  addition  to  the  leukocytes  and  red  corpuscles  large  numbers  of 
small,  roundish  elements  are  encountered  in  the  blood  which  measure 
about  3  /i  in  diameter  and  are  free  from  coloring  matter  (Plate  II, 
Fig.  1).  They  are  frequently  seen  collected  into  groups  resembling 
bunches  of  grapes.  These  are  the  blood  plates  or  plaques  of  Bizzozero. 
According  to  Hayem,  they  represent  red  corpuscles  in  an  early  stage 
of  development,  and  are  themselves  derived  from  leukocytes  within  the 
lymph  channels.  He  terms  them  heniatoblasts.  This  view  is  not 
shared  by  modern  hemotologists.  Lilienfeld,  Hauser,  Howell,  and 
others  regard  the  plaques  as  disintegration  products  of  leukocytes, 
while  still  others  look  upon  them  as  precipitated  globuUns  derived 
in  part  from  the  morphological  elements  of  the  blood  and  in  part 
originating  directly  in  the  plasma.  More  generally  accepted  is  the 
view  expressed  by  Engel,  Bremer,  Maximow,  Pappenheim,  and  others, 
according  to  which  the  plaques  are  derived  from  the  red  cells  by 
extrusion.  They  are  originally  contained  in  the  interior  of  the  cells 
as  so-called  nucleoids,  and  represent  the  remains  of  the  original 
nucleus,  which  has  lost  its  individuality  as  the  result  of  chromatolysis. 
As  a  matter  of  fact,  it  is  possible  by  suitable  staining  to  demonstrate 
the  plaques  not  only  within  the  red  cells,  but  also  their  extrusion 
from  the  cells,  so  that  the  erj'throglobular  origin  of  some  of  these 
formations  at  least  can  scan^ely  be  doubted.  Jost,  moreover,  has 
shown  that  in  the  blood  of  sheep  and  calf  emhr^'os  they  appear  at  a 

'  Bcrl.  klin.  Woch..  l.S9fi,  No.  45. 

*  Klin,  rntersuch.  d.  Hliites.  etc.,  Wien  u.  Leipzifj;,  1898. 
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time  when  leukocytes  are  not  as  yet  demonstrable.  But,  on  the  other 
hand,  there  is  a  possibility  that  what  we  generally  designate  as  plaques 
does  not  represent  a  unity,  and  that  some  of  the  elements  which  resem- 
ble the  true  blood  platelets  may  be  of  different  origin.  To  a  certain 
extent  such  ill-defined  little  bodies  are  without  doubt  derived  from 
leukocytes  by  a  process  of  plasmorhexis — i.  e.,  by  the  liberation  of 
small  bits  of  protoplasm.  This  may  be  observed  under  the  microscope 
directly. 

Deetjen  has  shown  that  the  true  plaques  are  capable  of  executing 
ameboid  movements  when  the  blood  is  placed  on  a  slide  which  has 
been  covered  with  a  thin  film  of  agar  containing  a  certain  amount 
of  sodium  chloride,  sodium  metaphosphate,  and  dipotassium  phos- 
phate. He  also  believes  to  have  demonstrated  a  nucleus  in  the  in- 
dividual plaque,  and  concludes  that  the  bodies  in  question  do  not 
represent  artefacts  or  products  of  degeneration,  but  are  true  cellular 
elements. 

According  to  Osier,  the  number  of  plaques  varies  normally  between 
200,000  and  500,000  per  cubic  millimeter.  Brodie  and  Russell  claim 
that  this  number  is  too  small,  and  that  with  their  improved  method 
of  counting  an  average  of  635,300  is  obtained.  The  normal  ratio 
between  the  plaques  and  the  red  corpuscles  would  thus  be  1  to  7.8, 
taking  5,000,000  as  the  average  normal  for  the  red  cells.  More  recently 
Helber  found  variations  between  192,000  and  264,000. 

Under  pathological  conditions  the  plaques  may  be  increased  or 
diminished.  In  pernicious  anemia  their  number  is  very  low;  Van 
Embden  found  64,000  and  32,000  in  two  cases.  At  times  they  are 
apparently  absent,  but  in  some  cases  increased  numbers  have  been 
observed. 

According  to  Pappenheim  the  plaques  are  diminished  in  pernicious 
anemia  owing  to  over-japid  maturation  of  the  red  cells.  As  a  result 
the  nuclei  of  the  erythroblasts  either  do  not  become  pyknotic  and  un- 
dergo chemical  chromatolysis  with  consequent  formation  of  oxyphilic, 
viz.,  azurophilic  nucleoids,  but  are  destroyed  already  in  an  early  stage 
by  karyorrhexis;  or,  if  they  do  become  pyknotic,  they  are  expelled 
from  the  cells  plasmolytically  in  the  anisotonic  (anemic  blood  serum). 
A  nucleoid  thus  does  not  remain  which  could  later  escape  as  a  plaque. 

In  leukemia  the  plaques  are  often  greatly  increased.  A  large 
increase  is  at  times  observed  in  posthemorrhagic  anemia  and  in 
chlorosis,  but  the  results  are  not  constant.  In  the  secondary  anemias 
referable  to  carcinoma,  sepsis,  tuberculosis,  etc.,  the  findings  are 
variable;  sometimes  an  increase  is  observed,  at  others  a  decrease,  and 
then  again  normal  values;  the  results,  moreover,  are  inconstant  in  one 
and  the  same  case.  In  the  acute  infectious  diseases  their  number 
is  the  smaller  the  more  severe  the  course  of  the  disease.  In  pneu- 
monia they  are  often  diminished  during  the  fever,  but  increased  after 
the  crisis.    Similar  results  have  been  obtained  in  typhoid  fever,  while  in 
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erysipelas  they  are  found  increased  from  the  start.  Enonnous  numbers 
of  plaques  may  be  seen  in  the  course  of  trichinous  infection.  Schleip 
looks  upon  their  appearance  in  large  numbers  as  evidence  of  approach- 
ing convalescence.  In  my  own  case^  however,  they  seemed  to  be 
most  numerous  at  a  time  when  the  clinical  symptoms  were  most 
active. 

(For  the  enumeration  of  the  plaques  see  p.  144.) 

Literature. — Bizzozero,  Virchow's  Archiv,  vol.  xc.  Hayem,  Le  sang,  Paris, 
1889.  Howell,  Jour,  of  Morph.,  1891,  vol.  iv,  p.  57.  Maximow,  Arch.  f.  Anat., 
1899,  vol.  i,  p.  33.  Jost,  Arch.  f.  mik.  Anat.,  1903,  vol.  Ixi,  p.  667.  Determann, 
Deutsch.  Arch.  f.  klin.  Med.,  vol.  Ixi.  p.  365.  Deetjen,  Virchow's  Archiv,  1901, 
vol.  clxiv,  p.  239.  Brodie  and  Russell,  Jour.  Physiol.,  1897,  Nos.  4  and  5.  Heller, 
Deutsch.  Arch.,  vol.  Ixxxi,  Heft  3  u.  4. 


The  Dust  Particles  or  Hemokonia  of  Miiller. 

These  may  be  seen  in  any  fresh  specimen  of  blood  mounted  in  the 
usual  manner.  They  are  small,  generally  round,  sometimes  dumb- 
bell-shaped, colorless,  highly  refractive  granules,  which  manifest 
very  active  molecular  movements.  They  occur  in  the  plasma  of  the 
blood  and  are  apparently  not  connected  with  the  process  of  coagula- 
tion. Miiller  found  them  abnormally  numerous  in  a  case  of  Addi- 
son's disease,  while  they  were  diminished  during  starvation  and  in 
various  cachectic  conditions.  Stokes  and  Wegefarth  regard  these 
granules  as  identical  with  the  neutrophilic  and  eosinophilic  granules 
of  the  leukocytes.  They  suppose  that  the  bactericidal  power  of  the 
leukocytes  and  of  the  serum  of  man  and  many  animals  is  due  to  their 
presence.  As  a  matter  of  fact,  the  origin  of  the  hemokonia  from 
the  granular  leukocytes  can  frequently  be  directly  observed. 

I  have  quite  constantly  found  the  hemokonia  increased  at  the 
height  of  digestion,  and  have  then  repeatedly  observed  their  extru- 
sion from  both  neutrophilic  and  eosinophilic  cells. 

Literature. — H.  F.  Miiller,  "Leber  einen  bisher  nicht  beachteten  Formbe- 
standtheil  d.  Blutcs."  Centraibl.  f.  allg.  Path.  u.  path.  Anat.,  1896,  p.  929  W. 
R.  Stokes  and  A.  Wegefarth.  "The  Presence  in  the  Hlood  of  Free  Granules,  etc., 
and  their  Possible  Relation  to  Immunity,"  Johns  Hopkins  Hosp.  Bull.,  1897, 
p.  246.  K.  H.  Sangree,  **  Leukocytic  Granules,"  etc.,  Phila.  M^.  Jour.,  1898, 
p.  472. 

Oeneral  Technique. 
Slides  and  Cover-glasses. — To  obtain  satisfacton^  results,  it  is 

essential  to  have  glassware  of  the  best  (|uality.  The  cover-glasses 
should  not  measure  more  than  0.08  to  0.10  mm.  in  thickness  and  must 
be  cleansed  with  can*.  The  same  holds  good  for  the  slides,  which 
should  have  a  level  surface;  manv  of  those  furnished  by  dealers 
are  unsatisfactorv  for  work  with  immersion  lenses. 
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Both  covers  and  slides  should  be  placed  in  concentrated  sulphuric 
acid  or  in  glacial  acetic  acid  for  several  hours.  They  are  thoroughly 
washed  in  running  water  and  distilled  water  and  then  placed  in 
alcohol  and  finally  in  ether,  where  they  remain  for  several  hours. 
During  this  process  care  must  be  had  that  they  are  well  separated 
from  each  other.  Subsequently  they  are  kept  in  jars  with  absolute 
alcohol,  and  are  dried  just  before  use,  or  they  may  be  dried  at  once 
with  fine  linen  or  Japanese  lens  paper  and  stored  in  dust-proof 
receptacles.  When  once  cleansed,  the  cover-glasses  should  be 
handled  only  with  forceps. 

To  cleanse  slides  that  have  been  used,  the  covers  must  first  be 
removed  by  immersion  for  several  days  in  xylol  or  turpentine. 
They  are  then  placed  in  hydrochloric  acid  to  which  about  a  tea- 
spoonful  of  potassium  chlorate  has  been  added  for  every  30  c.c. 
The  mixture  is  kept  on  the  boiling  water  bath  to  the  point  of 
decolorization.  The  slides  are  next  rinsed  in  hot  water,  heated  for 
a  half-hour  in  a  thin  mush  of  equal  parts  of  washing  soda,  sawdust, 
and  talcum,  prepared  with  the  aid  of  water  and  stirring  frequently, 
then  washed  off  with  hot  water  acidified  with  hydrochloric  acid,  and 
finally  with  pure  hot  water,  alcohol,  and  ether. 

The  Blood  Mount. — We  distinguish  between  wet  mounts  and 
dry  mounts.  Wet  specimens  can  only  be  utilized  successfully  if  the 
patient  is  near  at  hand  to  the  laboratory,  as  in  office  work  and  in  the 
hospital;  where  several  hours  must  elapse  before  the  preparation  can 
be  examined,  it  will  usually  be  best  to  resort  to  the  diy  specimen. 
Wet  preparations,  however,  are  very  convenient  and  yield  a  large 
amount  of  information  without  delay,  and  a  rapid  survey  will  indi- 
cate whether  or  not  it  will  be  necessary  or  advisable  to  resort  to  a 
more  detailed  examination.  The  grade  of  an  anemia:  the  degree, 
character,  and  extent  of  a  hyperleukocytosi^;  the  presence  of  malarial 
organbms,  can  all  be  told  from  the  wet  preparation.  With  the  dry 
and  stained  specimen,  on  the  other  hand,  all  these  points  are  brought 
out  more  distinctly,  and  other  information  is  further  afforded  which 
cannot  be  obtained  from  the  wet  specimen  alone. 

To  prepare  a  blood  specimen,  the  tip  of  a  finger,  or  in  children 
especially  the  lobe  of  the  ear,  is  first  cleansed  with  ether  and  then 
punctured  with  a  suitable  instrument,  such  as  a  fine  lancet  or  a 
stout  needle.  The  puncture  should  be  sufficiently  deep  that  the 
blood  will  flow  from  the  wound  without  undue  pressure. 

To  prepare  a  wet  specimen,  a  clean  cover-glass  is  taken  up  with  a 
pair  of  forceps,  with  flat  blades  and  a  light  spring,  touched  to  the 
drop  without  coming  in  contact  with  the  skin,  and  immediately 
transferred  to  a  clean  slide.  If  suitable  glassware  is  used  that  is 
perfectly  clean,  the  drop  will  immediately  spread  out  between  cover- 
glass  and  slide,  and  on  examining  with  a  low  power,  which  should 
always  precede  examination  with  a  high  power,  it  will  be  noted  that 
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in  the  central  portion  of  the  specimen  especially  the  red  cells  i 
well  separated  from  one  another  and  wil!  not  have  run  into  rouleau: 
This  will  only  occur  if  the  glassware  is  imperfect,  if  it  is  not  perfec 
clean,  or  if  the  tirop  has  been  too  large.     To  gauge  the  proper  siq 
of  the  <lrop  re»]uircs  a  little  practice.     Along  the  margin  of  the  sp< 
men,  where  a  certain  amount  of  evaporation  is  going  on,  it  is  usufl| 
to  find  rouleaux  and  creuated  red  corpuscles,  even  though  the  i 
of  the  specimen  la  perfect,  and  in  the  course  of   time   postmortal 
changes   will   also   become   noticeable   throughout  the   preparatio 
If  the  specimen  is  ringed  with  a  little  paraffin,  however,  a.  satisfartoH 
examination  is  still  possible  after  a  numlier  of  hours,  and  even  withni 
Ijeing  ringed  such  preparations  can  be  kept  for  at  Iea.st  one  hour. 
■    Ti)  prepare  dry  gpecimens,  which  are  subsequently  to  be  staine< 
the  blood  is  spread  Wtween  cover-glasse.s  or  on  slides. 

Personally   I   have   almost  abandoned   the  use  of  cover-glas 
and   much   prefer  slides   for   routine  work.     But   little   practice   i 


r  Fio.  17.— The  prsjiiLralion  of  blood  gmeun  on  »lia«. 

rec[uiretl  to  obtain  very  satisfactory  results,  and  it  is  possible  to  contro 

the  quality  of  the  individual  smears  with  a  degree  of  precision  which 

is  but  rarely  attained  even  by  the  most  experienced  workers  with 

I  cover-glasses.     The   spreads,   moreover,  are   much   larger;  so   that 

there  will  always  be  a  sufficient  number  of  leukocytes  available  even 

under  normal  conditions  to  permit  a  count  of  at  least  a  thousand 

celts.     At  the  same  time  it  is  possible  lo  spread  portions  of  the  drop 

I  so  thin  that  the  individual  cells  are  well  separated  the  one  from  the 

I  other,  while  other  portions  can  lie  made  a  little  thicker.     The  slides 

I  are  cleansetl  in  the  same  thorough  manner  as  in  the  case  of  tlie  cover- 

glaases.     A  fair-sized  drop  of  blood  i.s  then  mounted  near  the  end  a* 
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one  slide  and  spread  with  an  even  sweep  with  the  edge  of  a  second 
slide;  this  should  be  done  with  a  light  hand,  and  holding  the  first 
slide  in  the  left  hand  between  the  thumb  and  the  second  and  third 
fingers.  The  second  slide  should  also  be  held  in  this  manner,  but  at 
an  angle  of  45  degrees  to  the  first,  as  shown  in  the  accompanying 
illustration  (Fig.  17).  Before  commencing  the  sweeping  movement 
I  let  the  blood  spread  along  the  edge  of  the  second  slide  by  capillary 
attraction;  then  I  move  across,  gradually  raising  the  second  slide  to 
a  vertical  position.     Pressure  mvM  he  carefully  avoided. 

If  covers  are  to  be  used,  one  cover-glass  is  locked  in  a  pair  of 
forceps  such  as  those  devised  by  Ehrlich  and  pictured  in  the  accom- 
panying illustration  (Fig.  18).  A  second  cover  is  taken  up  with 
a  pair  of  forceps  without  a  lock,  but  with  flat  blades  and  a  light 
spring;  this  is  held  to  the  drop  of  blood  just  as  it  emerges  from  the 
puncture,  and  is  then  immediately  laid  upon  the  first  cover.  If  the 
glasses  are  of  satisfactory  quality  and  clean,  the  blood  will  at  once 
spread  in  a  capillary  layer;  the  top  cover  is  then  drawn  from  the 
lower  cover  by  grasping  the  edge  firmly  with  the  fingers  and  making 
even  traction  in  a  plane  parallel  to  the  other.  Here  also  a  certain 
amount  of  experience  is  necessary  in  gauging  the  size  of  the  drop 


Fio.  18. — Ehrlich's  cover-glaas  forceps. 

in  reference  to  the  size  of  the  covers.  In  no  case  should  it  be  so 
large  that  the  top  cover  floats  upon  the  blood.  If  the  drop  is  rather 
small,  the  two  covers  should  overlap  only  to  such  an  extent  as  to 
furnish  a  space  which  is  just  filled  by  the  blood.  If  the  drop  is 
larger,  they  should  overlap  over  a  larger  surface. 

After  being  allowed  to  dry  in  the  air  the  specimens  are  placed 
between  layers  of  filter  paper  and  may  then  be  stained  at  leisure. 
If  several  days  must  elapse  before  the  examination,  it  is  well  to 
place  them,  wrapped  in  filter  paper,  in  closed  jars.  Should  it  be 
desired  to  preserve  the  specimens  for  a  long  time — i.  e.,  for  months 
or  years — it  is  best  to  coat  the  films  with  a  thin  layer  of  paraffin, 
which  later  is  dissolved  by  immersion  in  toluol.  In  this  manner 
especially  valuable  and  rare  specimens  may  be  kept  almost  indefi- 
nitely. Unless  this  precaution  is  taken,  the  staining  qualities  of  all 
the  morphological  elements  of  the  blood  will  undergo  changes  which 
render  tfie  specimens  urtfit  for  color  analysis. 

Fixation. — ^^Fhe  selection  of  the  method  of  fixation  depends  very 
largely  upon  the  stain  which  is  to  be  employed.     If  strongly  alcoholic 
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solutions  are  used  no  previous  fixation  is  necessary,  but  with  aqueous 
solutions  fixation  must  precede  the  staining.  To  this  end  several 
methods  may  be  employed.  The  best  results  are  obtained  by  heat. 
For  this  purpose  a  copper  plate  may  be  used  measuring  about  10  cm. 
in  width  by  40  cm.  in  length  and  3  to  5  mm.  in  thickness;  this  is  heated 
by  a  Bunsen  burner  or  a  small  coal-oil  stove.  After  the  plate  has  a 
fairly  constant  temperature,  the  desired  degree  is  ascertained  by  a 
series  of  drops  of  water,  toluol  (boiling  point,  110°  to  112®  C),  or 
xylol  (137°  t3  140°  C),  etc.,  noting  the  line  at  which  ebullition  occurs. 
If  the  distance  of  the  plate  from  the  flame  and  the  size  of  the  flame, 
etc.,  are  constant,  the  apparatus  requires  practically  no  attention 
and  serves  its  purpose  veiy  well.  As  a  rule  a  brief  fixation  only  is 
necessary — ^i.  «.,  exposure  to  a  temperature  of  from  100°  to  126°  C 
for  one-half  to  two  minutes,  while  in  special  cases  Ehrlich  recom- 
mends a  more  prolonged  exposure  or.  a  higher  temperature.  Very 
good  results  are  obtained  for  most  purposes  by  heating  the  blood 
films  to  a  temperature  of  140°  C.  for  thirty  to  forty-five  seconds, 
as  suggested  by  Rubinstein.  This  point  is  conveniently  ascertained 
on  the  copper  plate  by  noting  the  line  at  which  the  so-called  Leiden- 
frost  phenomenon  begins  to  occur,  viz.,  the  point  at  which  a  drop  of 
water  assumes  the  spherical  form  and  rolls  about  on  the  plate. 

In  the  place  of  the  copper  plate  an  ordinary  drying  oven  provided 
with  a  thermostat  and  thermometer  or  a  so-called  Victor  Mayer 
Siedekessel  may  also  be  employed.  The  latter  is  a  small  copper 
kettle  covered  with  a  thin  plate,  which  is  perforated  for  the  recep- 
tion of  the  boiling  tube.  If  a  small  quantity  of  toluol  is  boiled 
in  this  kettle  for  a  few  minutes,  the  copper  plate  will  acquire  a  tem- 
perature of  from  107°  to  110°  C,  and  retains  this  sufficiendy  long 
for  ordinary  purposes  (Ehrlich). 

Absolute  alcohol  or  a  mixture  of  equal  parts  of  absolute  alcohol 
and  ether  (Nikiforoff)  have  also  been  recommended  as  fixing  agents 
for  blood  films,  but  are  not  very  satisfactory  for  the  study  of  the 
neutrophilic  granulation.  With  Ehrlich's  triacid  stain  especially  it 
will  frequently  be  noted  that  the  granules  are  stained  imperfectly  or 
not  at  all.  For  the  studv  of  nuclear  structures,  however,  both  are 
quite  satisfactory.  In  the  case  of  absolute  alcohol  alone  immersion 
of  the  blood  films  for  a  few  minutes  is  sufficient;  with  alcohol  and 
ether  fixation  for  one-half  to  two  hours  is  necessary. 

Formalin  is  useful  as  a  fixing  agent  and  may  be  used  in  con- 
nection with  practically  all  the  common  blood  stains.  A  1  per 
cent,  alcoholic  solution  is  employed.  This  is  prepared  by  diluting 
one  part  of  the  commen*ial  formalin,  which  is  a  40  per  cent,  solu- 
tion of  formaldehyde  gas,  with  nine  times  its  volume  of  water,  and 
one  part  of  the  resulting  solution  with  nine  times  its  volume  of 
alcohol.  Fixation  is  completed  in  one  minute,  and  for  practical 
purposes  it  is  merely  necessarj'  to  cover  the  blood  films  with  a  few 
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drops  of  the  solution,  which  is  then  drained  off  and  replaced  with 
the  staining  reagent  directly.  The  method  is  not  to  be  recommended, 
however,  for  routine  purposes,  as  it  interferes  with  various  stains  and 
often  changes  the  normal  chromatophilia.  The  same  may  be  said  of 
the  use  of  concentrated  solutions  of  bichloride  of  mercury,  which  also 
is  useful  for  some  purposes,  but  not  for  routine  work. 

If  the  dyes  are  used  in  alcoholic  solutions,  as  with  Jenner's  stain, 
Hasting's,  Wright's,  or  Giemsa's  stain,  no  previous  fixation  is  necessary. 

The  Aniline  Dyes  and  the  Principles  of  Staining.— The  aniline 

dyes  with  which  we  have  to  deal  in  the  clinical  laboratory  are  all 
derivatives  of  hydrocarbons  and  all  contain  the  benzol  ring.  Their 
staining  properties  are  dependent  upon  the  presence  in  the  individual 
compounds  of  two  distinct  atomic  complexes  which  are  spoken  of  as 
chromophoric  and  auxochromic  groups,  respectively.  The  presence 
of  the  chromophoric  group  imparts  chromogenic  properties  to  the 
substance,  the  dye  itself  resulting  on  the  further  introduction  of  an 
auxochromic  group.  The  auxochromic  groups  are  salt-forming 
radicles  and  render  the  dye  either  basic  or  acid.  Two  markedly 
auxochromic  radicles  are  known,  viz.,  the  strongly  basic  amino  group 
— NH,  and  the  feebly  acid  hydroxyl  group  — OH.  Still  other  salt- 
forming  radicles  may  enter  into  the  composition  of  the  dye,  but  it 
is  noteworthy  that  these  have  but  feebly  developed  auxochromic 
properties.  Radicles  of  this  order  are  notably  the  carboxyl  group 
— COOH,  the  sulphoxyl  group  — SO^OH,  the  nitro  group  — NOj,  and 
the  nitroso  group  — NO  (which  two  latter  may  also  occur  as  chromo- 
phoric radicles).  As  the  chromophoric  radicle  itself  may  have  acid 
or  basic  tendencies  it  is  manifest  that  the  ultimate  reaction  of  the 
individual  compound  will  depend  upon  the  inter-relation  of  the  sum 
of  its  acid  and  basic  radicles.  Markedly  acid  dyes  will  result  if  both 
the  chromophoric  group  and  the  salt-forming  radicles  are  acid, 
while  strongly  basic  dyes  will  be  the  outcome  if  both  have  basic 
tendencies.  Between  these  two  extremes  various  possibilities  exist, 
the  ultimate  reaction  depending  upon  the  character  of  the  chromo- 
phore,  the  presence  of  acid  or  basic  salt-forming  radicles,  the  simul- 
taneous presence  of  both,  their  number,  etc.  We  may  accordingly 
divide  the  various  dyes  into  the  following  classes: 

1.  Basic  amino  dyes. 

2.  Acid  nitroso  dyes. 

3.  Acid  sulpho-  and  nitro  dyes,  viz.,  amino-  or  oxysulphonic  acids, 
aminooxysulphonic  acids,  nitrophenols,  nitroamins,  nitroaminosulpho 
acids,  nitrooxysulpho  acids,  nitroaminooxysulpho  acids. 

4.  Acid  oxy-  and  oxycarbonic  dyes. 

5.  Aminooxy-,  aminocarbonic,  and  aminooxycarbonic  dyes. 

6.  Aminosulphocarbonic-,  oxysulphocarbonic-,  aminooxysulpho- 
carbonic-,  aminonitrocarbonic-,  oxynitrocarbonic-,  aminooxynitro- 
carbonic-,  and  aminooxysulphonitrocarbonic  dyes. 
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Of  chromophoric  groups,  some  twenty  are  known,  and  it  is  cus- 
tomary to  classify  the  aniline  dyes  on  the  basis  of  these  underlying 
radicles.  A  common  characteristic  of  all  chromophoric  groups  is 
the  fact  that  they  impart  a  quinone-like  structure  to  the  respective 
compounds.     We  find: 

The  — NOj  group  in  the  nitro  dyes  (picric  acid,  Martius  yellow, 
naphtol-yellow  S,  aurantia). 

The  — NO  group  in  the  nitroso  dyes  (Echtgrun,  naphtol  green). 

— N=N —  in  the  azo  dyes  (aniline  yellow,  chrysoidin,  vesuvin, 
Sudan  G  and  III,  alizarine  yellow  FS,  Ponceau,  Bordeaux,  amaranth, 
coccinin,  orange  G,  tropeoHn,  Biebrich  scarlet,  congo,  benzopur- 
purin) : 

/  in  the  rosanilins  (malachite  green,  brilliant  green,  methyl 

^'\        'J      violet,    methyl    green,    fuchsin,    acid     fuchsin,     iodine 
I        ~|"~  green,  aniline  blue,  alkali   blue,   water  blue,   aldehyde 

green). 

Q~  in  the  rosolic  acid  dves  (aurins). 

C>-  in   the   phthalcins    (eosin,   spriteosin,   eiythrosin,   phloxin, 

R— CO     rose  bengale,  rhodamin,  gallein,  cerulein). 
1-0 

/^^\     in    the    anthraquinones    (alizarin,    purpurin,   anthragallol, 
\^,^^/         alizarin  blue). 

2^'^  in   the    indamins   (phenylene    blue,    Bindschedler's    green, 

I  ^H— N      toluvlcne  bhie). 

/ 

\  \h_()  in    the   indophenols    (indophcnol    blue). 

.    J 

*  \    /'   in  the  thiazins  (Lauth's  dyes);  (Lauth*s  violet  or  thionin, 
nictliylonc  blue,  niethyliMic  red,  methylene  green). 
N 

~~^~        in  the  azins  (eurhodin,  eurluulol,  toluylene  red,  the  safranins. 


I 
— N- 


Magilala  red,  mauvein). 


q/    \^,^j  in  euxanthinic  acid   and    possibly   in    galloflavin    (jaune 
\j^/  indicnne). 

I      !J       in  the  quinolins  and  acridins  (cyanin,  (luinolin  red,  quinolin 
\y  yellow,  acriilin  rod,  and  scarlet). 
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The  majority  of  the  aniline  dyes  are  found  in  the  market  in  the 
form  of  salts  of  the  respective  staining  acids  and  bases,  and  it  is 
noteworthy  that  the  latter  '  as  such  are  for  the  most  part  either 
colorless  or  but  feebly  stained.  Triaminotriphenylcarbinol  is  thus 
colorless,  while  its  monacid  salts  are  red  (fuchsin);  phenolphthalein 
likewise  is  colorless,  but  forms  red  salts  with  the  alkalies;  fluorescein 
is  pale  yellow,  .but  forms  the  bright-red,  fluorescent  uranin  with 
alkali,  etc.  The  phenols  and  nitrophenols,  however,  are  commonly 
used  as  free  acids. 

During  the  process  of  staining  the  salts  of  the  staining  acids  or 
bases  are  probably  decomposed  by  the  animal  or  vegetable  tissue 
and  new  compounds  result  between  the  free  staining  acid  or  base  and 
the  various  chemical  components  of  the  tissue  in  accordance  with  the 
reaction  of  its  component  parts.  The  acid  nuclear  substance  of  cells 
thus  shows  a  special  affinity  for  basic  dyes,  and  the  basic  proto- 
plasm for  acid  dyes.  Contrasted  with  this  chemical  process  of 
staining  is  the  physical  process  in  which  the  dye  is  merely  stored  in 
the  pores  of  the  tissue.  Both  must  be  sharply  differentiated  the  one 
from  the  other  in  attempting  to  draw  inferences  in  reference  to 
chemical  affinity  on  the  part  of  component  parts  of  a  tissue  or  a  cell. 

While  in  former  years  simple  dyes  were  commonly  employed  in 
the  clinical  laboratory  and  tissues  were  stained  successively  if  more 
than  one  dye  was  used,  it  has  been  shown  that  it  is  possible  to  com- 
bine acid  dyes  with  basic  dyes  in  such  manner  that  the  acid  and 
basic  affinities  become  more  or  less  completely  satisfied.  The 
resulting  compounds  are  spoken  of  as  nevtral  dyes.  In  these  the 
staining  principles  of  the  original  components  are  preserved  and  in 
addition  such  compounds  may  show  new  staining  properties  which 
are  dependent  upon  the  union  of  the  component  dyes.  They  are 
accordingly  termed  polychrome  dyes. 

The  credit  of  having  first  prepared  such  neutral  dyes  belongs 
to  Ehrlich,  whose  triacid  stain  was  for  many  years  used  almost  exclu- 
sively in  the  clinical  laboratory. 

A  well-known  representative  of  the  so-called  neutral  dyes  is  the 
eosinate  of  methylene  blue.  Eosin  is  a  dibasic  acid  and  can  be 
represented  by  the  formula 

.OK 

Three  compounds  with  methylene  blue  thus  appear  possible,  viz. : 

yO  meth.  blue  /OK  ,0  meth.  blue 

Eo/^  ;  Eo(  ;  Eo( 

^OOOK  ^COO  meth.  blue  ^COO'meth.  blue 

1  II  III 
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Although  the  dye  has  not  been  analyzed  it  is  thought  that  formula 
I  or  II  expresses  its  constitution.  It  would  thus  not  be  a  true  neutral 
dye,  but  a  monacid  salt.  As  a  matter  of  fact  other  so-called  neutral 
dyes  are  strictly  speaking  not  neutral.  Ehrlich's  triaeid  stain  is 
so  called  l>ecause  it  was  assumed  that  the  three  basic  radicles  of  the 
methyl  green  were  all  satisfied  by  the  corresponding  acid  radicles  of 
acid  fuchsin  and  orange  G.  The  existence  of  such  a  triaeid  salt  is, 
however,  impossible  in  aqueous  solutions,  even  if  it  could  occur 
theoretically,  which  in  itself  is  impossible,  as  methyl  green  can  only 
form  triaeid  salts  with  concentrated  mineral  acids. 

Practically  important  is  the  fact  that  two  solutions  of  neutral 
mixtures  can  be  directly  mixed  if  they  have  one  component  in  common, 
as  in  the  case  of  Ehrlich's  triaeid  stain,  where  methyl  green  is  the 
common  component. 

While  the  simple  dyes,  both  basic  and  acid,  are  soluble  in  water, 
the  neutral  dyes  are  practically  insoluble,  but  soluble  in  an  excess 
of  either  the  acid  or  the  basic  component,  and  more  especially  the 
former.  If  then  an  aqueous  solution  of  methyl  green  is  added 
carefully  to  an  aqueous  solution  of  acid  fuchsin,  fuchsinate  of 
methyl  green  is  formed  at  once,  but  at  first  remains  in  solution 
owing  to  an  excess  of  the  acid  dye.  Upon  the  further  addition  of 
methyl  green,  however,  a  point  is  reached  when  the  fuchsinate 
separates  out,  and  if  the  amounts  of  the  two  components  have  been 
carefully  determined  beforehand  the  filtrate  may  be  nearly  colorless. 
If  then  an  excess  of  methyl  green  is  added,  a  certain  amount  of  the 
fuchsinate  will  redissolve;  and  if  the  excess  be  sufficiently  great,  the 
entire  precipitate  will  pass  into  solution. 

Aside  from  an  excess  of  the  acid  or  basic  component  of  the  neu- 
tral dye  its  solution  can  also  be  brought  about  in  other  ways,  as  with 
alcohol  (notably  methyl  alcohol),  acetone,  methylal,  etc. 

Not  all  simple  dyes  arc  ecjually  well  adapted  for  the  preparation 
of  neutral  dves.  Of  basic  dves,  the  most  useful  are  those  which 
contain  the  so-called  ammonium  group,  notably  methyl  green, 
methylene  blue,  amethyst  blue,  and  to  a  certain  extent  also  pyronin 
and  rhodamin;  of  acid  dyes,  the  readily  soluble  salts  of  the  polysul- 
phonic  acids,  such  as  orange  G,  acid  fuchsin,  and  narcein,  and  of 
the  salts  of  the  carbonic  acid  eosin. 

Neutral  mixtures  may  then  l>e  prepared  which  contain  two  or 
more  component  dyes.  If  it  is  desired  to  prepare  a  tricolor  mixture 
two  possibilities  suggest  themselves,  viz.,  a  mixture  containing  one 
acid  dve  and  two  basic  dves,  or  one  with  one  basic  dve  and  two  acid 
dves. 

The  principle  of  staining  with  neutral  dyes  is  the  same  as  in  the 
case  of  the  simple  acid  or  basic  dyes.  Taking  the  leukocytes,  for 
example,  the  nucleins  will  he  found  to  decompose  the  neutral  body 
and  to  unite  with  the  basic  component;  the  eosinophilic  granules 
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similariy  decompose  the  dye,  but  take  up  the  acid  component,  while 
in  the  case  of  the  neutrophilic  granules  we  may  imagine  that  no 
decomposition  is  effected,  but  that  the  neutrophilic  material  unites 
direcdy  with  the  neutral  molecule. 

Of  the  large  number  of  staining  mixtures  which  have  been  intro- 
duced within  recent  years,  and  of  which  many  are  mere  modifications 
the  one  of  another,  I  have  placed  only  a  small  number  of  the  more 
common  ones  before  the  reader  at  this  place,  and  those  only  which 
personal  experience  has  taught  me  to  be  useful  and  reliable.  Where 
special  mixtures  are  required  in  special  work,  they  will  be  found 
described  in  their  proper  connection. 

For  routine  work  I  should  suggest  Jenner's  method  or  one  of  the 
Romanowsky  modifications  as  described  below,  notably  Giemsa  and 
Hastings  and  Groldhom.  Ehrlich's  triacid  stain  is  retained  in  this 
edition  because  it  is  still  used  as  a  routine  stain  in  some  laboratories. 
It  is  largely  of  historical  interest,  however,  and  less  valuable  than  the 
others  which  are  mentioned. 


Methods  of  Staining. 

Oeneral  Methods.  The  Eosinate  of  Methylene  Blue  (Jenner).^— 
Ekjual  parts  of  a  1.2  to  1.25  per  cent,  aqueous  solution  of  eosin  and  a 
1  per  cent,  aqueous  solution  of  methylene  blue  are  mixed  in  an  open 
baisin  and  allowed  to  stand  for  twenty-four  hours.  The  resulting  pre- 
cipitate— the  eosinate  of  methylene  blue — is  washed  with  water,  col- 
lected on  a  filter,  dried  at  a  moderate  temperature,  and  finely  powdered.' 
The  dye  can  then  be  stored  in  bottles  and  is  perfectly  stable.  For 
staining  purposes  a  0.5  per  cent,  solution  in  absolvie  methyl  alcohol 
is  employed;  this  can  be  used  at  once  and  keeps  indefinitely.  I  have 
used  this  stain  as  a  routine  stain  for  years  and  can  speak  definitely  of 
its  value. 

*  Lancet,  1899,  vol.  i,  p.  370.     Simon,  Maryland  Med.  Jour.,  April,  1900. 
'  The  reaction  probably  takes  place  according  to  the  formula: 


C^-C:HBr::OH>^     (CH,),N  — C.H 


^s 


CO  ^CeH,-^ N(CH,^),  ~ 

O 1  "^ci 


/CHBr,.OH^^ 
C:  C,HBr,.OH-^^ 
I  \C,H,— COOH 


9 


O.NH(CH,),      -CeH, 

n(       )s 
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In  preparing  the  dye  I  first  weigh  out  the  requisite  amount  of 
eosin  and  methylene  blue.  The  eosin  is  [Jaced  in  a  mortar  or  evap- 
orating dish  and  rubbed  into  a  paste  with  a  small  amount  of  water; 
more  water  is  then  added  until  all  the  dye  is  well  dissolved.  This 
solution  is  poured  into  a  large  saucepan  and  diluted  to  the  proper 
point.  The  methylene  blue  is  now  similarly  brought  into  solution, 
though  with  a  little  more  difficulty,  as  the  dye  is  inclined  to  be  lumpy; 
it  must  all  be  dissolved.  This  solution  is  poured  directly  into  the 
eosin  solution  and  the  requisite  amount  of  water  further  added. 
The  mixture  is  stirred  with  a  rod  and  left  to  stand  for  twenty-four 
hours. 

If  the  proper  quantities  have  been  used  and  well  dissolved, 
the  filtrate  is  but  little  colored,  in  which  case  not  much  washing  is 
necessary;  if,  however,  there  is  a  distinct  excess  of  either  dye  this 
must  be  washed  out  The  precipitate  is  dried  at  a  temperature  not 
exceeding  60°  C,  and  is  then  powdered.  The  alcoholic  solution 
finally  is  prepared  by  rubbing  up  the  dye  with  the  alcohol  in  a  por- 
celain dish.    Absolute  methyl  alcohol  must  he  used. 

The  blood  films  (on  slides),  which  must  be  prepared  without  any 
pressure  (the  spreading  slide  should  really  be  in  contact  only  with  the 
blood  and  not  with  the  underlying  slide),  are  not  fixed  before  staining; 
this  is  accomplished  by  the  absolute  alcohol  during  the  staining.  The 
specimens  are  well  covered  with  the  stain  and  after  about  three 
minutes  washed  off  with  water  and  dried  in  the  air.  Care  should  be 
had  during  the  staining  that  the  preparations  are  thoroughly  covered 
with  the  dye,  as  otherwise  some  of  the  stain  is  apt  to  become  precipi- 
tated as  the  result  of  evaporation.  After  drying,  the  specimens  can 
be  examined  directly  in  a  drop  of  cedar  oil.  With  the  precautions 
stated,  and  by  strictly  adhering  to  the  method  as  described,  even  the 
beginner  can  obtain  perfect  results.  For  routine  purposes  I  can 
recommend  the  stain  without  reserve.  The  differentiation  is  ex- 
cellent and  most  extensive  (see  Plates  III,  IV,  and  VI).  The  red 
corpuscles  are  stained  a  grayish  terra  cotta,  the  nuclei  of  the  leuko- 
cytes and  nucleated  red  cells  blue,  the  plaques  mauve,  the  neutro- 
philic granules  a  purplish  red,  the  eosinophilic  granules  bright  red, 
and  the  mast-cell  granules  dark  violet.  Granular  degeneration  and 
polychromasia  of  the  red  cells  is  well  shown  (Plate  III).  Malarial 
organisms,  bacteria,  and  filarias  are  stained  blue. 

'^I'he  Maij'Grumvald  stain,  which  is  frequently  referred  to  in  the 
German  literature,  is  essentially  the  same  as  Jenner's.* 

Ehrlich^s  Triacid  Stain.^ — ''i'he  preparation  of  a  reliable  triacid 
stain,  according  to  Ehrlich,  presupposes  the  use  of  chemically 
pure  dyes,   such   as   those   prepared   by  the  Actiengesellschaft  fiir 

*  Centralbl.  f.  inn.  Med.,  1902,  \o.  11,  and  Dcut.sch.  Arch.,  vol.  Ixxix,  Heft 
5  iind  6. 

'  Ehrlich-Lazanis,  Die  Anaemie,  loc.  cit. 
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Anilinfarbstoffe  of  Berlin.  Saturated  aqueous  solutions  of  orange  G, 
acid  fuehsin,  and  methyl  green  are  first  prepared  and  allowed  to 
clear  by  standing  for  at  least  one  week.  It  is  essential  that  these 
solutions  should  be  perfecdy  clear,  and  it  is  well  in  measuring  off 
the  requisite  quantities  to  remove  the  supernatant  portion  with  a 
pipette. 

The  various  components  are  then  mixed  in  a  clean  botde,  making 
use  of  the  same  measuring  glass,  and  without  washing  between 
the  addition  of  the  individual  components.  These  are  taken  in 
succession  as  shown  below,  and  after  adding  the  methyl  green  the 
mixture  is  thoroughly  stirred  until  the  remaining  portion  of  alcohol 
and  glycerin  has  been  added. 

Oranee  G  solution 13.0-14.0  c.c. 

Acid  Tuchsin  solution 6.0-7.0  c.c. 

DistUled  water 15.0  c.c. 

Absolute  alcohol 1«5.0  c.c 

Methvl-green  solution 12.5  c.c. 

Absolute  alcohol 10.0  c.c. 

Glycerin 10.0  c.c. 

The  solution  is  ready  for  use  at  once  and  does  not  deteriorate 
with  age. 

In  order  to  obtain  the  best  results,  it  is  practically  necessary  to  fix 
the  blood  films  by  heat;  fixation  by  Nilaforoff's  method  does  not 
furnish  constant  results,  and  only  too  often  leaves  the  neutrophilic 
granules  unstained  or  imperfecdy  stained.  Fixation  at  a  high  tem- 
perature (140®  C),  as  suggested  by  Rubinstein,  furnishes  better 
results  than  the  lower  temperatures  originally  advised  by  Ehrlich, 
as  the  difference  in  color  between  the  neutrophilic  granules  and  the 
eosinophilic  granules  is  brought  out  more  prominentiy.  The  blood 
specimens  are  stained  about  five  minutes,  then  washed  in  water, 
dried  (by  blotting,  if  desired),  and  examined  as  usual. 

In  properly  stained  specimens  the  eosinophilic  granules  present  a 
copper  or  a  yellowish-red  color,  while  the  neutrophilic  granules  are 
violet.  The  mast-cell  granules  remain  colorless  and  appear  as  round 
vacuoles  in  the  faintly  bluish-green  protoplasm.  The  nuclei  of  the 
leukocytes  present  a  greenish  color  and  are  not  well  stained.  The 
red  cells  in  properly  heated  specimens  are  orange;  if  the  tempera- 
ture was  too  high  they  are  yellow,  and  it  will  be  found  that  their 
structure  has  suffered  as  a  consequence.  If  the  temperature  has  been 
too  low  the  red  cells  take  on  the  fuchsin.  The  nuclei  of  the  nor- 
moblasts are  intensely  stained;  the  older  nuclei  appear  black;  mega- 
loblastic nuclei,  on  the  other  hand,  are  rather  feebly  stained,  and  in 
some  specimens,  indeed,  the  inexperienced  will  at  first  sight  not 
discern  any  nucleus.  Granular  degeneration  is  not  shown  and 
polychromatophilia  cannot  be  well  demonstrated.  Malarial  organ- 
isms are  imperfecdy  shown.     The  differentiation  with  the  triacid 


132  THE  BLOOD 

is  thus  markedly  less  than  in  the  case  of  the  eosinate.  This  is  owing 
to  the  peculiar  character  of  the  methyl  green,  which  is  a  specific 
nuclear  dye.  To  counteract  some  of  these  deficiencies,  Ehriich  has 
suggested  to  stain  the  preparations  for  a  few  seconds  with  an  aqueous 
solution  of  methylene  blue  first,  and  to  stain  with  the  triacid  after- 
ward. This  improves  the  pictures  somewhat,  but  it  is  not  wholly 
satisfactory. 

The  Romanowsky  Method.^ — ^The  history  of  the  Romanowsky 
method  is  intimately  associated  with  the  study  of  the  minute  structure 
of  the  malarial  organism,  in  which  the  presence  of  a  nucleus  was 
first  demonstrated  by  its  aid.  The  dye  is  essentially  an  eosin-methy- 
lene-blue  mixture,  the  specific  staining  action  of  which  is,  however, 
not  due  to  the  methylene  blue  "per  se,  but  to  a  decomposition  product 
of  the  methylene  blue,  viz.,  methylene  azure.'  This  apparently 
combines  with  eosin  to  form  a  neutral  dye  analogous  to  the  eosinate 
of  methylene  blue,  and  can  similarly  be  used  as  a  routine  blood  stain 
in  the  clinical  laborator}'.  As  a  rule  we  do  not  em[Joy  solutions  of 
the  pure  dye,  however,  but  solutions  of  methylene  blue  containing  a 
variable  amount  of  the  methylene  azure,  to  which  the  requisite 
amount  of  eosin  is  added. 

The  following  modifications  of  the  original  Romanowsky  method 
are  based  in  principle  upon  the  above  considerations: 

Hastings'  Method.^ — Three  solutions  are  prepared,  viz.,  (1)  a  1  per 
cent,  aqueous  solution  of  eosin  (Griibler's  water  soluble,  yellow  shade); 
(2)  a  1  per  cent,  acjueous  solution  of  methylene  blue  (Ehrlich's  recti- 
fied), and  (3)  a  solution  of  polychrome  methylene  blue. 

The  polychrome  methylene-blue  solution  is  made  according  to 
the  formula:  methylene  blue  (Ehriich *s  rectified)  2  grams,  sodium 
carbonate  (dry  powder)  2  grams,  distilled  water  2()0  c.c.  The  carbo- 
nate is  dissolved  in  hot  distilled  water  and  the  methylene  blue  rubbed 
up  in  the  proportion  indicated.  The  solution  is  boiled  over  a  free 
flame  or  kept  on  a  boiling  water  bath  for  ten  to  fifteen  minutes;  30 
to  40  c.c.  of  water  are  added  for  each  100  c.c.  to  allow  for  evaporation. 
The  boiling  is  continued  for  ten  to  fifteen  minutes  longer.  The  hot 
solution  is  poured  off  from  the  sediment,  and  if  necessary  brought  to 
the  200  c.c.  mark  by  diluting  with  distilled  water,  after  which  it  is 
partially  neutralized  with  dilute  acetic  acid   (12.5  to  20  per  cent. 

*  St.  IVtershiirg.  med.  Woch..  1891,  and  Nocht,  Encyk.  d.  mik.  Tech.,  vol.  ii, 
(.Than  II.  Scliwarzoiiherp:,  IVrlin-Wien,  1003,  p    785. 

*  Methylene  azure  is  an  aniphoterie  five,  i.  r.,  a  dye  of  basic  constitution  with 
acid  pmpcrties;  it  is  the  sulphone  of  methvlene  blue  and  has  the  formulas: 

C.H,  -  N  (CH,), 

n;       /SO, 

N(CH3), 

\ci 

'  Jour.  Exper.  Med.,  vol.  vii,  p.  265. 
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solution).  Hastings  points  out  that  it  is  well  to  add  the  acetic  acid 
to  one-half  of  the  polychrome-blue  solution  until  a  well-marked  acid 
reaction  to  litmus  paper  is  obtained  (6  or  7  c.c.  of  12.5  per  cent,  acid, 
or  3  or  4  c.c.  of  the  20  per  cent,  acid  to  100  c.c.)  and  to  mix  this  neutral- 
ized portion  with  the  other  half,  so  as  to  prevent  overneutralization. 
The  solution  should  be  alkaline  in  final  reaction,  since  a  slight  excess 
of  acid  destroys  the  polychrome  properties,  which  cannot  be  restored 

bv  the  addition  of  alkalies. 

tf 

The  three  solutions  are  then  mixed  in  the  following  proportion  and 
in  the  following  order: 

Distilled  water 1000  c.c. 

1  per  cent,  eosin  solution 100  c.c. 

Polychrome-blue  solution 200  c.c. 

1  per  cent,  methylene-blue  solution 70  c.c. 

The  mixture  is  stirred.  A  green,  metallic-looking  scum  appears 
on  the  surface  and  a  fine  precipitate  separates  out.  To  bring  this 
about  it  may  be  necessary  to  add  a  little  more  of  the  1  per  cent, 
methylene-blue  solution,  viz.,  80  instead  of  70  c.c. 

The  mixture  may  be  filtered  at  once  or  after  standing  for  twenty 
to  thirty  minutes.  The  residue  is  allowed  to  dry  in  the  air  or  in  the 
drying  oven  at  a  temperature  not  above  60°  C.  It  is  finally  pulverized 
and  can  be  stored  in  this  form.  The  amounts  of  the  dyes  indicated 
above  furnish  from  0.7  to  1  gram  of  the  ultimate  product. 

For  staining  purposes  a  0.25  per  cent,  solution  in  absolute  methyl 
alcoJud  is  used,  which  is  prepared  by  rubbing  up  the  dye  with  the 
alcohol  in  a  mortar.  If  successful  the  solution  has  a  purple  plum 
color. 

Care  should  be  had  that  the  alcohol  is  neutral.  Some  lots  of  methyl 
alcohol  show  an  acidity  of  1  to  2  c.c.  of  j\  alkali  for  100  c.c. 
Such  specimens  must  be  neutralized  by  the  addition  of  0.05  to  0.1 
gram  of  dry  sodium  carbonate  for  100  c.c. 

Previous  fixation  of  the  blood  specimens  is  not  necessary,  as  the 
alcohol  fixes  while  the  staining  is  going  on.  The  films  are  covered 
with  the  solution  and  left  for  one  minute,  after  which  they  are  differ- 
entiated by  the  addition  of  water  until  a  greenish,  metallic-looking 
scum  appears  on  the  surface  (15  drops  to  a  slide).  This  Ls  continued 
for  five  minutes,  when  the  preparations  are  rinsed  for  two  to  three 
seconds  in  water  and  immediately  dried  by  blotting.  This  procedure 
will  answer  for  all  ordinary  purposes,  and  for  bringing  out  the  young 
forms  of  the  malarial  parasite,  but  for  the  maturer  forms  it  is  better 
to  stain  for  two  minutes  and  to  differentiate  for  ten. 

The  negative  surface  of  the  specimen  should  be  carefully  inspected 
and  washed  if  necessary,  to  remove  any  dried  stain  that  may  be  present 
and  which  appears  as  a  thick,  greenish  coating. 

In  a  properly  stained  specimen  the  red  cells  appear  red;  in  over- 


134  THE  BLOOD 

stained  or  old  specimens  light  gray  or  light  blue.  Polychromatophilia 
and  granular  'degeneration  are  well  shown.  The  neutrophilic  gran- 
ules are  bright  red^  the  eosinophilic  granules  eosin  colored,  and  the 
mast-cell  granules  dark  red.  The  nuclei  of  the  lymphocytes,  large 
mononuclear  leukocjrtes,  and  myelocytes  are  magenta  red;  those  of 
the  polynuclear  leukocytes  a  bluish  violet.  In  some  of  the  lympho- 
cytes and  large  mononuclear  leukocytes  Michaelis'  granules  will  be 
seen.  The  blood  plates  are  pale  blue  with  red  nuclei.  The  nuclei  of 
the  red  blood  corpuscles  are  red.  The  malarial  organisms  present  a 
blue  body  with  one  or  more  intensely  red  nuclear  structures,  vaiying 
in  size  from  that  of  a  tiny  dot  in  the  youngest  forms  to  a  structure  which 
in  the  microgametocytes  fills  the  entire  body  of  the  parasite  in  the 
form  of  a  fine  reticulum.  In  the  segmenting  bodies  each  segment 
contains  a  red  nucleus,  while  the  body  is  blue. 

Leishman's  Method.^ — Leishman  also  makes  use  of  the  isolated 
eosinate  of  methylene  blue  mixed  with  eosinate  of  methylene  azure. 
He  proceeds  as  follows:  Two  solutions  are  prepared:  one  a  1  pro 
mille  solution  of  eosin  (Griibler's  extra  B.  A.)  in  distilled  water;  the 
other  a  1  per  cent,  solution  of  medicinal  methylene  blue  (Griibler), 
also  in  distilled  water,  and  alkalinized  with  sodium  carbonate  to  the 
extent  of  0.5  per  cent.  This  last  solution  is  heated  to  65°  C.  for 
twelve  hours,  and  is  then  allowed  to  stand  at  the  temperature  of  the 
room  for  ten  days  before  using.  Equal  volumes  of  the  two  solutions 
are  mtxed  in  a  large  open  basin  and  allowed  to  stand  for  from  six  to 
twelve  hours,  the  mixture  being  stirred  from  time  to  time  with  a  glass 
rod.  The  resulting  precipitate  is  collected  on  a  filter,  thoroughly 
washed  with  distilled  water,  dried,  and  powdered.  A  0.15  per  cent, 
solution  of  the  dye  in  pure  methyl  alcohol  serves  as  stain  and  does  not 
deteriorate  on  keeping.  Special  fixation  is  not  required.  The 
blood  film  is  covered  with  the  solution  and  stained  for  about  one- 
half  minute.  Double  the  amount  of  distilled  water  is  then  added  and 
allowed  to  mix  with  the  alcoholic  solution.  After  five  to  ten  minutes 
the  stain  is  washed  off  with  distilled  water,  a  few  drops  of  water  being 
allowed  to  rest  on  the  film  for  a  minute.  The  specimen  is  next  dried 
(without  heat)  and  can  be  examined  as  usual.  The  soaking  in  water 
for  a  minute  after  the  staining  is  important,  as  it  intensifies  the  Roman- 
owsky  stain;  it  changes  the  tint  of  the  red  corpuscles  from  a  greenish- 
blue  to  a  transparent  pink  or  greenish  color,  while  the  nuclei  of  the 
leukocytes  are  usually  a  ruby  red.  The  nuclei  of  nucleated  red  cells 
are  almost  black  and  the  extranuclear  portion  gray.  The  blood  plates 
are  a  deep  ruby  red  with  shaggy  margins,  frequently  showing  a  pale- 
blue  peripheral  zone  surrounding  the  red  centre.  The  body  of  the 
malarial  parasite  stains  blue  and  its  chromatin  a  ruby  red.  In  the 
case  of  the  tertian  parasite  Schiiffner's  dots  are  well  marked  in  the 
containing  red  corpuscles. 

»  Brit.  Med.  Jour.,  September  21,  1901. 
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Wright's  Modification  of  Leishman's  Method.* — Wright 
has  simplified  Leishman's  method  in  several  important  particulars, 
which  render  it  even  more  convenient  for  routine  work;  he  has  ascer- 
tained, moreover,  that  any  one  of  the  Griibler  methylene  blues  can 
be  employed  for  the  purpose  of  obtaining  a  sufficient  quantity  of 
methylene  azure. 

The  staining  fluid  is  prepared  as  follows:  1  per  cent,  of  methylene 
blue  is  added  to  a  1  per  cent,  aqueous  solution  of  sodium  bicarbonate, 
when  the  mixture  is  steamed  in  an  Arnold  steam  sterilizer  for  one 
hour.  On  cooling,  the  solution  is  poured  direcdy  into  a  large  dish  or 
flask  and  treated,  while  stirring  or  shaking,  with  a  sufficient  quantity 
of  a  1  pro  mille  solution  of  eosin  (yellow  shade)  until  the  mixture 
has  assumed  a  purple  color  and  a  scum  with  a  metallic  lustre  forms 
on  the  surface.  This  will  require  about  500  c.c.  of  the  eosin  solution 
for  100  c.c.  of  the  methylene-blue  solution.  The  resultant  precipitate, 
which  contains  both  eosinate  of  methylene  blue  and  eosinate  of 
methylene,  azure,  is  collected  on  a  filter,  and  without  further  washing 
allowed  to  dry.  When  thoroughly  dry,  a  0.3  per  cent,  solution  in 
pure  methyl  alcohol  is  prepared  (this  is  practically  a  saturated  solu- 
tion). The  solution  is  filtered  and  to  the  filtrate  25  per  cent,  methyl 
alcohol  further  added  so  as  to  dilute  the  stain  somewhat  and  to  lessen 
the  tendency  of  the  dye  to  become  precipitated  during  the  process  of 
staining. 

The  air-dry  blood  films  are  covered  with  the  stain  for  one  minute; 
water  is  then  added  drop  by  drop  until  the  staining  fluid  becomes 
semitranslucent  and  a  reddish  tint  becomes  visible  at  the  margins, 
while  a  scum  with  a  metallic  lustre  forms  on  the  surface.  The  amount 
of  water  required  will  vary  with  the  amount  of  staining  fluid  on  the 
preparation,  but  in  general  it  may  be  said  that  8  or  10  drops  will 
suffice  if  a  seven-eighths  inch  square  cover-glass  is  used.  The  staining 
fluid,  thus  diluted,  is  allowed  to  remain  on  the  preparation  for  two  or 
three  minutes,  during  which  time  the  real  staining  of  the  specimen 
takes  place.  It  is  then  washed  ofif,  when  the  bjood  film  will  be  seen 
to  have  a  blue  or  purple  color. 

The  next  step  is  to  develop  the  differential  staining  of  the  various 
elements  in  the  preparation.  This  is  done  by  washing  the  prepara- 
tion in  water,  preferably  distilled  water,  until  the  better-spread  por- 
tions of  the  film  appear  yellowish  or  reddish  in  color.  If  desired, 
the  process  of  differentiation  may  be  readily  observed  by  placing  the 
cover-glass,  film  side  uppermost,  on  a  slide,  covering  it  with  water, 
and  examining  it  with  the  microscope  under  a  low  magnifying  power. 
The  red  blood  corpuscles,  which,  as  before  stated,  at  first  have  a  blue 
color,  will  become  greenish,  then  yellowish,  and  finally  orange  or 
pinkish  in  color,  depending  upon  the  depth  of  the  original  staining, 

*  Jour.  Med.  Research,  1902,  vol.  vii. 
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which  varies  with  the  length  of  time  that  the  diluted  staining  fluid 
has  been  allowed  to  act,  and  with  the  degree  of  its  dilution. 

The  differentiation  by  washing  in  water  seems  to  be  essentially  a 
process  of  decolorization  by  which  some  of  the  blue  constituent  of 
the  dye  is  removed,  for  the  water  that  drains  ofif  from  the  preparation 
has  a  blue  color.  This  differentiation  or  decolorization  proceeds 
slowly,  and  may  require  from  one  to  three  minutes,  depending  upon 
the  intensity  of  the  staining  and  upon  the  tint  sought  to  be  obtained 
in  the  red  corpuscles. 

It  is  apparent  from  the  above  that  with  a  littie  experience  with 
the  method  the  color  of  the  red  corpuscles  may  be  made  either  orange 
or  pink.  When  the  desired  color  is  obtained  in  the  red  corpuscles 
the  preparation  is  quickly  dried  between  layers  of  filter  paper  and 
mounted  in  balsam.  It  is  important  to  arrest  the  decolorization  by 
drying  the  preparation  as  soon  as  the  desired  tint  in  the  red  corpsucles 
is  obtained,  for  it  may  be  carried  too  far. 

Dried  blood  films  may  be  kept  for  weeks  without  impairment  of 
their  staining  properties.  Films  months  old  will  probably  not  give 
good  results. 

In  a  suitably  stained  specimen  the  red  cells  are  either  orange  or 
pink;  polychromatophilia  and  granular  degeneration  are  well  shown 
(the  granules  blue);  the  neutrophilic  granules  are  a  reddish  lilac; 
the  eosinophilic  granules  eosin  colored;  the  mast-cell  granules  a  dark 
blue,  a  dark  purple,  or  even  black.  The  lymphocytes  have  dark 
purplish-blue  nuclei  with  robin's  egg  blue  protoplasm,  in  which  the 
granules  described  by  Michaelis  appear  dark  blue  or  purplish.  The 
large  mononuclear  leukocytes  present  a  blue  or  dark  lilac  colored 
nucleus,  and  in  some  Michaelis'  granules  can  also  be  made  out. 
The  blood  plates  are  stained  a  deep  blue  or  purplish  and  the  malarial 
organisms  are  colored  as  with  Irishman's  method. 

Giemsa's  Method.^ — Giemsa's  stain  has  the  following  composition: 

Azure  II  (azure  plus  methylene  blue  aa) 3.0 

Eosin  (B.  A.)       .      .      .    ' 0.8 

Glvcerin  (Merck,  C:.  P.) 250.0 

Methyl  alcohol  (Kahlbaum  I) 250.0 

It  is  prepared  by  grinding  up  the  dyes  in  the  absolute  alcohol  and 
then  adding  the  glycerin.  The  hlood  films  are  fixed  for  a  minute 
in  absolute  methyl  alcohol  and  then  stained  for  five  minutes  in  a 
mixture  of  14  drops  of  the  dye  to  10  c.c.  of  distilled  water, 
which  is  alw^ays  freshly  prepared;  a  trace  of  sodium  carbonate  may 
l)e  added  to  the  water  to  intensify  the  basic  colors.  After  washing 
in  water  the  films  are  blotted  and  are  then  ready  for  examination. 
The  various  elements  are  stained  as  with  the  methods  already 
described. 

»  CVntralbl.  f.  Hakter.  Abt.  I,  vol.  xxxvii,  2,  p.  308 
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Goldhom's  Method.' — ^The  blood  smears  are  fixed  with  pure  methyl 
alcohol  for  fifteen  seconds,  washed  in  running  water,  stained  for 
thirty  seconds  in  a  1  per  cent,  aqueous  solution  of  eosin,  washed, 
stained  for  one  minute  in  Groldhom's  polychrome  methylene  blue, 
again  washed  and  dried  in  the  air. 

The  polychrome  methylene  blue  is  prepared  as  follows:  2  grams  of 
methylene  blue  and  4  grams  of  lithium  carbonate  are  dissolved  in  300 
c.c.  of  warm  water.  The  solution  is  heated  in  a  porcelain  dish  on  a 
boiling  water  bath  for  15  minutes,  then  poured  into  a  glass-stoppered 
botde  and  set  aside  for  several  days.  Finally  it  is  rendered  only 
slighdy  alkaline  by  the  careful  addition  of  4  to  5  per  cent,  acetic  acid 
solution  (test  with  litmus  paper).    The  method  gives  excellent  results. 


DEMONSTRATION  OF  lODOPHILIA. 

Cover-glass  specimens  are  prepared  as  usual;  after  drying  in  the 
air  they  are  placed  in  a  small  jar  containing  a  few  crystals  of  iodine. 
After  several  minutes  the  films  assume  a  dark-brown  color,  when  they 
are  mounted  in  a  drop  of  a  saturated  solution  of  levulose  and  examined 
with  an  oil-immersion  lens.  The  red  corpuscles  are  stained  light 
yellow,  while  the  leukocytes  are  almost  colorless.  All  glycogen 
granules,  whether  contained  in  leukocytes  or  free  in  the  blood,  are 
stained  a  distinct  mahogany. 

This  method  furnishes  better  results  than  the  older  method  of 
staining  with  a  solution  composed  of  1  gram  of  iodine  and  3  grams. 
of  potassium  iodide  in  100  grams  of  a  concentrated  solution  of  muci- 
lage (1  part  of  LugoFs  solution  to  100  parts  of  a  thick  mucilage.' 
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Method  of  Thoma  (Anthor's  Modification).^— The  instrument  con- 
sists of  two  diluting  pipettes  and  a  counting  chamber  (Fig.  19).  The 
latter  is  ruled  into  100  large  squares  (A,  A,  A),  each  occupying  an  area 
of  ^  sq.  mm.  (Fig.  20).  They  are  separated  from  one  another  by 
double  guiding  lines  (a  b,  a  b)  with  an  intervening  distance  of  ^  mm. 
Where  the  horizontal  and  vertical  lines  intersect  small  squares  (a,  a,  a) 
result,  100  in  number,  which  accordingly  have  an  area  of  ^^  sq.  mm, 
each.  The  large  squares  are  thus  bounded  by  rectangles  (fc,  6,  6), 
measuring  ^  mm.  in  width  by  ^  mm.  in  length,  representing  an  area 
of  -j-J-j  sq.  mm. 

As  the  litde  platform  (/)  carrying  the  ruling  is  exactly  j\  mm. 

»  The  New  York  Univ.  BuU.  of  Med.  Sci.,  1901,  vol.  i,  No.  2. 

'  Ehrlhch-Lazarus,  Die  Anaemie,  loc.  cit. 

*  The  counting  chamber  can  be  procured  from  Ernst  Leitz  &  Co.,  New  York. 
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lower  than  the  outsirle  glass  plate  (e),  each  large  square  re[»eseiits 
the  base  of  a  cube  the  conlenLs  of  which  are  j^  X  yo  =  jjtr  cb.  mm.; 
each  small  S(|uare  similarly  corresponds  to  jj  ^  X  A  =  TiAnr  f^^-  ^^-^ 
and  each  rectangle  to  y! ,,  X  rV  =  Tnm  <"h-  mm. 

1.  Eaumeration  of  the  Leukocytes. — A  drop  of  blood  is  procured  liv 
freely  puncturiiifj  ilie  linger  or  tlie  lol>e  of  the  car,  after  cleaning  ami 
drying  the  skin,  wiping  away  the  first  ilrop  or  two,  and  avoiding  un- 
due prt'.ssnre.     It  is  drawn  into  the  1  lo  It)  dihiting  pipette  to  the  mark 


1,  and  after  carefully  wiping  the  end  is  immediately 
mixed  with  a  1  per  rent,  solution  of  glacial  acetic 
acid,  containing  a  small  amount  of  an  ai^neous 
gentian  violet  solution  (1  c'.c.  for  ItK)  c.c.  of  the 
dilute  acid),  by  drawing  up  the  mixture  to  the  11 
mark.  The  rubber  tube  of  the  pipette  is  detached, 
ImjIIi  ends  of  the  pipette  closed  with  the  thumb 
ami  middle  finger,  and  blood  and  diluent  well 
agitated.  A  couple  of  drops  are  then  blown  out, 
■*  *  3o  as  to  clear  (he  capillar;'  tul>e  of  the  diluting 

fluid  which  has  not  entered  the  bulb  of  the  pipette.  A  drop  of 
the  diluted  bloo<l  ia  now  placed  upon  the  platform  of  the  counting 
slide,  and  one  of  the  cover-glasses  which  accompany  the  instrument 
adjusted  in  .such  a  way  as  to  exclude  bubbles  of  air.  The  size  of  the 
drop  should  be  such  that,  when  the  cover-glass  la  in  place,  it  does 
not  nin  over  into  the  moat  (g)  surrounding  the  circular  platform,  nor 
even  project  over  the  sides.  Tiirk  advises  that  a  tiny  droplet  of  llje 
pure  diluting  fluid  be  placed  upon  the  plate  D,  before  the  diluted 
blood  is  placed  upon  the  counting  platform.  If  cover  and  slide 
have  been  previously  scrupulously  cleansed  and  slight  pressure  is 
now  made  upon  the  cover  where  it  overlies  the  plate  D,  Newton's 
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colored  rings  will  become  visible — a  sign  that  a  successful  mount  has 
been  made.  The  slide  is  set  aside  for  a  few  minutes,  so  that  the 
corpuscles  settle  down,  when  it  is  examined  with  a  high  power  (Leitz 
Ocular  2  and  Obj.  6)/  It  will  be  noted  that  the  red  corpuscles  are 
invisible  and  that  the  leukocytes  are  colored  blue.  For  counting 
a  mechanical  stage  is  very  convenient.  Starting  with  the  top  row 
of  large  squares  at  the  left  comer,  the  total  number  of  leukocytes 
in  the  100  large  squares  is  now  carefully  counted.    This  number 
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Fia.  20. — Simon's  counting  chamber. 

divided  by  100  gives  the  average  number  of  leukocytes  for  one  large 
square.  As  the  cubic  contents  of  each  large  square  are  ^icr  ^^'  mm., 
it  is  only  necessary  to  multiply  the  number  of  leukocytes  in  one  square 
by  250  in  order  to  find  the  number  for  1  cb.  mm.  of  diluted  blood,  and 
this  by  the  degree  of  dilution  (in  the  above  instance  by  10)  to  find 
the  number  for  1  cb.  mm.  of  diluted  blood,  and  1000  X  10  the  number 
in  1  cb.  mm.  of  non-diluted  blood. 


*  To  focus  through  the  thick  cover  the  objective  sliould  have  a  long  working 
distance. 


140 


THE  BLOOD 


Example.— Total  number  of  leukocytes  counted  in  the  10(1  large 
siiuares  =  4(H);  lirnce  fJfJi,  viz..  4  =  numlier  of  leukocyles  in  a  singl.' 
square,  i.  c,  in  j^n  '^^-  ""n-  °^  tiilutetl  bloorl;  hence  2r>0  X  4  =  H>OU. 
the  numtx^r  of  leiik(x.'ytes  in  1  cb.  mm.  of  non-diluted  blood,  and 
1000  X  10  the  number  in  cb.  mm.  of  non-diluted  blood. 

When  counting  the  cells  note  should  only  l)e  taken  of  such  that 
lie  within  the  squares  or  upon  tlie  upper  and  left  boundary  lini-s; 
cells  upon  the  Hglit  and  lower  line.i  should  be  omitted. 

In  the  above  instance  a  dilution  of  I  to  10  has  been  advocat«d.  This 
may  l)e  ii.sed  as  ii  matter  of  rontme.  If  a  marked  grade  of  leukotj- 
tosi.s  is  unticipated  a  dilution  of  1  to  20  will  Ix*  found  more  c 


It  desireil  even  hi;;h(r  dilutions  may  be  uscf!,  in  which  case  the  I 
pipette  pcniiilliiif;  ol    i  .jiluti.m  of  1  to  KfO  or  more  is  employed. 

2.  Knnmoration  of  the  Red  Oella.— The  blood  Udiluletl  100  timcs| 
filling  the  red  pipette  with  hlotnl  to  the  mark  1  and  with  the  dtltH 
to  101.     For  diluting  the  blood  in  the  enumeration  of  the  red  t 
ptiscles  Toison's  solution  is  most  convenient: 


Sodium  chloride  . 
Sodiiini  sulphate  , 
Neutral  ^yceiin  . 
Distilled  waif  r  . 
Methyl  violet  (5  B.) 
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To  prevent  the  development  of  molds  the  solution  should  further 
contam  about  1  pro  mille  of  thymol. 

After  mixing  the  diluent  and  blood  thoroughly  and  blowing  out 
the  pure  diluting  fluid  in  the  capillary  tube  a  drop  is  mounted  as 
described.  All  the  red  corpuscles  are  then  counted — in  the  100 
small  squares,  if  no  marked  degree  of  anemia  exists,  or  in  40  or  more 
rectangles  if  the  corpuscles  are  distinctly  diminished.  The  calculation 
is  then  made  as  follows,  bearing  in  mind  the  cubic  contents,  corre- 
sponding to  the  small  square  and  the  rectangle,  viz.,  juVif  and  y /(nr 
cb.  mm.,  respectively: 

Example  1. — Number  of  red  cells  in  100  small  squares  =  1000;  in  1 
therefore  10,  viz. ,  in  ^^^-^  cb.  mm. ;  in  1  cb.  mm.  of  diluted  blood  4000  X 
10  =  40,000  and  in  1  cb.  nmi.  of  non-diluted  blood  40,000  X  100  = 
4,000,000. 

Example  2. — Number  of  red  cells  in  40  rectangles  =  800;  in  1 

reaetangle  therefore  ^^  =  20,  i. «.,  in  y^nnr  ^^'  ™"^-  *  ^^  1  ^^'  "^^^-  ^^ 
diluted  blood  hence  20  X  1000  =  20,000,  and  in  1  cb.  mm.  of  non- 
diluted  blood  20,000  X  100  =  2,000,000. 

If  for  any  reason  a  larger  area  is  to  be  counted  for  red  cells,  this 
can,  of  course,  be  readily  done  by  going  over  a  larger  number  of  rect- 
angles, or  by  combining  small  squares  and  rectangles,  due  allowance 
being  made  for  the  cubic  contents  of  the  ground  covered. 

Other  counting  chambers  are  also  in  existence.  The  form  of  the 
ruling  of  various  models  is  shown  in  the  accompanying  figure  (Figs. 
21  to  24).  They  are  used  in  the  same  manner  as  that  of  the  author. 
The  calculation  in  each  case  depends  upon  the  number  of  squares 
counted,  and  its  corresponding  cubic  contents  and  the  degree  of 
dilution. 

Second  Method. — If  a  counting  chamber  with  one  of  the  more 
modem  rulings  is  not  available,  but  if  a  mechanical  stage  is  at  hand, 
the  leukocytes  can  also  be  counted  with  the  old  Thoma  counter 
in  the  following  manner:  A  drop  of  the  diluted  blood  is  mounted  as 
usual.  With  the  mechanical  stage  a  field  corresponding  to  the 
position  of  1  in  the  accompanying  diagram  (Fig.  25)  is  then  selected 
as  the  starting  point.  The  presence  or  absence  of  leukocytes  is  noted 
and  the  fielcl  changed,  so  that  an  adjoining  circle  is  brought  into 
view,  and  so  on.  In  this  manner  at  least  100  circles  are  gone  over, 
using  a  corpuscle  to  the  side  or  above  or  below  as  a  guide  to  the  next 
field.  The  total  number  of  leukocytes  is  noted  and  the  average 
for  one  circle  calculated.  If  the  cubic  contents  corresponding  to 
each  circle  are  known,  the  calculation  of  the  number  of  leukocytes 
in  1  cb.  mm.  of  blood  becomes  a  simple  matter.  The  determination 
of  the  cubic  contents  corresponding  to  a  circle  is  made  as  follows: 
Noting  the  number  of  the  eyepiece  and  the  objective,  the  diameter  of 
the  field  of  vision  is  measured  with  a  stage  micrometer,  or  with  the 
aid  of  the  rulings  of  an  ordinary  Thoma-Zeiss  counter,  bearing  in 
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mind  in  the  latter  case  that  the  distance  between  two  vertical  lines 
is  Tj^  mm.  The  area  of  the  circle,  according  to  geometrical  law,  will 
then  be  equivalent  to  ;r/>',  in  which  ;r  is  a  constant  factor — i.  c,  3.1416; 
and  p  the  radius,  from  which  the  corresponding  cubic  contents  are 
calculated  by  multiplying  the  result  by  0.1 — i,  e.,  the  depth  of  the 
counting  chamber.  The  resultant  value,  which  should  be  ascertained 
for  every  instrument  separately,  will,  of  course,  be  constant  for  the  sys- 
tem of  lenses  and  the  counting  chamber  used.  With  a  Bausch  & 
Lomb  i  (long-working  distance),  the  1-inch  eyepiece,  and  160  mm. 
tube  length,  the  cubic  contents  of  the  field  are  0.009  cb.  mm. 

Example. — ^The  blood  was  diluted  100  times.  In  100  fields  50 
leukocytes  were  noted — i.  e,,  0.5  for  1  field,  or  for  0.009  cb.  nmi.; 
in  1  cb.  mm.  of  diluted  blood  there  would  hence  be  0.5  divided  by 


p'lr.,  25.-   Schema  of  circlej*  for  counting  Icukocyten:  a,  moat  surrounding  central 

I)latform,  b,  of  counter;   1,  starting  point. 

0.009  =  55.5,  and  for  1  cb.  mm.  of  undiluted  blood  55.5  X  100  = 
5550  leukocytes. 

Gleaning  of  the  Apparatus. — After  use  the  apparatus  must  be  care- 
fully cleansed.  The  pipette  is  washed  out  with  the  diluting  fluid, 
then  with  water,  next  with  absolute  alcohol,  and  finally  with  ether. 
The  washing  will  he  facilitated  by  slipping  the  rubber  tube  over  the 
long  arm  of  the  {)i|)ette  and  blowing  the  contents  of  the  bulb  out  of 
the  short  arm.  In  laboratories  which  are  equipped  with  a  suction 
pump  this  may  be  conveniently  employed;  the  entire  process  then 
occupies  only  two  or  throe  minutes. 

The  counting  chaml)er  is  washed  with  water  only;  alcohol  and  ether 
dissolve  the  substance  with  which  the  platform  is  cemented  to  the  slide. 
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Differential  Ennmeratioii  of  the  Leukocytes. — ^The  differential  enu- 
meration of  the  leukocytes  is  usually  made  in  dried  and  stained  speci- 
mens. A  mechanical  stage  is  a  great  convenience,  but  not  a  necessity. 
The  idea  is  to  go  over  a  large  number  of  cells,  for  ordinary  purposes 
not  less  than  500  to  600,  to  classify  these,  and  finally  to  calculate  the 
percentages.    The  cells  are  charted  as  shown  below: 

a  M.  (smaU  mononuclear  leukocyteB)  iJHl    THl    THl    THl 

THi  mi  THi  THi  rm  =45 

L.  M.  and  T.  F.  (lai^e  mononuclear  leukocytes  and  trandiion 

foms):  rm  mi  THL  =15 

p.    (polynuclear    neutrophite) : //«     Wl    THl    TfU     THl 

THITHITHITHITHITHITHLTHITHITHI 
THLTHITHITHITHITHITHITHITHITHI 
JHl   THl   THl   THl   m.    THl  =155 

R  (eoeinophiles) :  fffl  =     5 

M.  (mast^xlls) :  //  =2 


222 


Result :  Total  number  of  cells  counted,  222,  of  which : 

45X100       ^^ 
small  monod.,        ~222~    ~  P®^  cent. 


15X100 
large  monos.,      "222     ~ 

155X100       ^^^ 
polys.,  — 222 —  ~  ^^'^ 

5X100 
eosms.,  ~~222~  ^^ 

2X100 
mast.,  222     ^^^    ^'^ 


it 


tt 


ft 


n 


While  making  a  differential  count  it  is  always  well  to  keep  note 
of  the  time,  as  it  is  often  possible  in  this  way  to  form  a  fair  idea  of 
the  actual  number  of  the  leukocytes  without  an  absolute  count.  This, 
of  course,  requires  a  certain  amount  of  experience  in  the  preparation 
of  the  smears,  which  should  be  uniformly  of  nearly  the  same  thick- 
ness. After  one  has  then  learned  by  control  how  many  leukocytes 
in  a  blood  smear,  observed  within  a  certain  length  of  time,  may  be 
considered  as  normal,  it  is  not  difficult  to  judge  tibe  grade  of  a  hyper- 
leukocytosis  by  the  increase  in  number  noted  within  the  same  length 
of  time.  Everyone  must  here  work  out  his  personal  equation.  A 
general  idea  of  the  degree  of  increase  can,  of  course,  be  formed  by 
examining  the  specimen  with  a  low  power — a  Bausch  &  Lomb  f , 
for  example — but  in  the  manner  indicated  one  gets  a  numerical 
expression  which  is  at  times  quite  helpful.  The  count  itself  can  be 
readily  made  with  a  f ;  it  requires  a  litrie  practice,  but  proves  a  great 
saving  of  time. 


144  THE  BLOOD 

Ennmeraiioii  of  the  Plaquei. — ^For  this  purpose  the  method  of 
Broide  and  Russel  has  been  advocated.  The  method  is  an  indirect 
one.  First,  the  red  corpuscles  are  counted  in  the  usual  manner. 
A  drop  of  the  staining  fluid,  composed  of  equal  parts  of  a  2  per  cent, 
solution  of  common  salt  and  a  saturated  solution  of  dahlia  in  ^ycerin, 
is  then  placed  upon  the  finger,  when  this  is  punctured  throu^  the 
drop  and  the  blood  allowed  to  mix  with  the  reagent.  In  this  mixture 
the  ratio  between  the  plaques  and  the  red  corpuscles  is  ascertained, 
and  the  total  number  of  plaques  contained  in  1  cb.  nun.  of  blood 
determined  by  calculation.  The  plaques  are  stained  the  color  of 
dahlia  and  can  readily  be  counted.  Rapid  work  is  essential,  as  the 
staining  fluid  soon  attacks  the  red  corpuscles. 

Other  writers  determine  the  ratio  of  plaques  to  red  cells  in  smears 
and  then  calculate  their  number  after  an  absolute  red-cell  count. 
Jenner's  stain  or  any  one  of  the  methylene-azure  mixtures  (Hastings', 
Giemsa,  Wright)  will  answer  the  purpose. 

The  Hematocrit. — ^The  use  of  tfie  hematocrit  for  counting  the 
red  blood  corpuscles  has  been  repeatedly  advocated,  but  has  not  met 
with  favor.  The  method  is  inapplicable  whenever  there  is  any 
material  variation  in  the  size  and  form  of  the  red  corpuscles  and  when- 
ever the  number  of  the  leukocytes  is  greatly  increased.  This  means 
that  the  method  cannot  be  employed  in  the  majority  of  cases  in  which 
we  are  especially  interested  in  the  blood  count.  If,  however,  it  is 
desired  to  ascertain  the  volume  of  the  red  corpuscles  in  relation  to 
the  amount  of  plasma,  the  instrument  will  furnish  satisfactory  results. 
A  centrifuge  run  by  electricity  is  practically  a  necessity;  in  this  way 
alone  is  it  possible  to  maintain  the  proper  rate  and  uniformity  of  speed. 
Hand  centrifuges  are,  in  my  experience,  totally  inadequate,  and  with 
instniments  driven  by  water  power  it  is  impossible  to  attain  a  sufficient 
rate  of  speed  for  this  purpose.  An  apparatus  like  the  one  pictured 
in  the  accompanying  illustration  (Fig.  26)  answers  the  purpose  best. 
It  is  connected  with  the  street  current  or  with  a  small  batteiy,  a 
rheostat  l)eing  interposed  to  control  the  current  and  the  rate  of  speed. 
At  the  same  time  a  speed  indicator  can  be  attached  which  strikes  a 
bell  for  everj'  100  revolutions.  For  the  hematocrit  a  speed  of  8000  to 
10,000  revolutions  per  minute  is  required. 

The  hematocrit  which  is  almost  exclusively  used  in  the  United 
States  is  that  of  Daland  (Figs.  27,  28,  29).  It  consists  of  a  metallic 
frame  which  carries  two  glass  tubes  measuring  50  mm.  in  length 
and  0.5  mm.  in  diameter.  Each  tube  bears  a  scale  ranging  from 
0  to  100,  the  individual  divisions  of  which  are  rendered  more  easily 
visible  by  a  magnifying  lens  front.  In  the  frame  the  outer  end 
of  each  tube  fits  into  a  small  depression,  the  bottom  of  which  is  cov- 
ered with  thin  rubber;  the  inner  ends  are  held  in  position  by  springs. 
The  instrument  is  screwed  to  a  firm  table  and  is  oiled  dailv  when  in  use. 

If  the  patient  is  directly  available,  undiluted  blood  is  used.  .  The 
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fingpr  is  wa.sherl  with  aoiip  and  water  niid  aloiihtil,  as  iisuel,  amJ  is 
freely  |ninctureti.  A  small  nibber  tube  is  then  slipped  over  the 
end  of  one  of  tiie  hematocrit  tiibcH,  which  is  completely  filled  by 
suction.  The  l>evelled  end  of  the  (uIk?  is  quiekly  covere<l  with  the 
finger,  which  has  l>e«n  previously  Rubricated  with  a  little  vaselin; 
the  rubber  tube  is  disconnected,  and  the  gla&s  tube  immediately  fixed 
in  the  one  compartment  of  the  frame.  Its  mate  is  rapidly  placed  on 
the  opposite  side  and  the  instrument  rotated  at  a  speed  of  from 


8(100  to  Ifl.tHK)  revolutions  per  minute  for  three  minutes,  when  the 
volume  is  directly  reai)  oiT.  In  normal  individuals  the  volume  of 
the  red  corpuscles  is  approximately  50  per  cent,,  so  that  in  a  given 
ra.sc  A  proportionate  expression  of  the  percentage  of  corpuscles,  as 
eomparm  with  the  normal,  can  l>e  obtained  by  multiplying  the  figure 
00  the  scale  by  2. 

If  the  patient  is  not  directly  available,  the  blood  is  diluted  with 
volume  of  a  2.5  per  cent,  solution  of  potassium  bichro- 
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mate,  as  proposed  by  Daland.  As  Ewing  suggests,  this  can  be 
done  with  the  pipette  which  accompanies  the  Thoma-Zeiss  blood 
counter.  In  the  case  of  the  red  pipette  the  capillary  tube  is  filled 
with  blood  to  the  mark  1,  then  a  small  air  bubble  is  drawn  in,  fol- 
lowed by  another  tube  length  of  blood.  Three  or  four  volumes 
of  blood  are  obtained  in  this  way  and  diluted  at  once  with  an  equal 
quantity  of  the  bichromate  solution.  In  the  case  of  the  white 
pipette  a  single  tube  length  of  blood  and  the  diluent  b  sufiicient 
Blood  and  diluent  are  thoroughly  mixed,  care  being  had  not  to 
include  any  air  bubbles.  In  this  form  the  blood  is  carried  to  the 
laboratory,  where  both  tubes  are  filled  by  allowing  the  drops  to  flow 
in  from  the  point  of  the  pipette.  To  obtain  the  percentage  volume 
the  resultant  figure  b  in  this  case,  of  course,  multiplied  by  4, 

In  the  case  of  normal  bloo<l  it  has  been  ascertain^  that  1  per 
cent,  by  volume,  as  read  off  from  the  scale,  corresponds  to  almost 
100,000  red  corpuscles  per  cb,  mm.;  to  obtain  the  total  number  of 


red  cells  jht  cb.  nun.,  it  is  heucc'  only  neces-saiy  to  ad<l  five  ciphers  to 
the  pcncntagc  indicated  on  the  scale. 

Exatfifilc. — I'mliluted  blood  wa.s  used;  the  reading  on  the  scale 
wjus  4.">.  'I'lic  volume  per  cent,  of  the  red  corpuscles  would  herice 
be  !«),  and  the  mimlKT  of  reil  cells  per  cb.  mm.  4,500.000. 

But,  as  1  have  pointed  out,  this  calculation  presupposes  that  the 
size  ami  form  of  tlic  red  cells  are  practically  normal,  and  that  the 
leiik(R'ytcs  are  not  materially  increasetl. 

With  normal  blood  the  leukocytes  apjx-ar  only  as  a  narrow,  indis- 
tinct, milky  hand  at  the  central  end  of  the  column  of  red  cells,  which 
with  u  material  increase  of  the  leukocytes  tx?comes  more  marked  and 
reaches  its  greatrat  extent  in  well-marked  eases  of  leukemia. 

Aspelin  has  re<'ently  snggestetl  that  with  a  suitable  modification 
of  the  Daland  apparatus  quite  accurate  leukocyte  counts  can  be  ob- 
tained by  ccntrifugation ;  but  Iwaring  in  mind  the  variations  in  the 
size  of  the  different  leukocytes  and  the  varjing  degree  in  which  the 
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diflFerent  forms  take  part  in  the  production  of  the  diflFerent  types  of 
hyperieukocytosis,  it  is  evident  at  once  that  still  less  is  to  be  antici- 
pated from  the  centrifugal  method  in  this  direction  than  in  the  case 
of  the  red  cells. 

Volume  Index. — ^The  term  volume  index  has  been  introduced  by 
Capps  to  designate  the  relation  existing  between  the  volume  of  red 
cells  determined  by  centrifugation  (see  above)  and  their  number. 
If  both  are  normal  the  ratio  ^^^i5^^^>=l  (0.99  average  of  10 
normal  individuals).  In  29  cases  of  pernicious  anemia  the  volume 
index  was  high  during  the  active  stage  of  the  disease,  ranging  from 
1.05  to  2.0.  During  periods  of  improvement  it  steadily  fell,  while 
in  periods  of  decline  it  steadily  rose.  In  chronic  secondary  anemia 
of  moderate  intensity  normal  values  are  the  rule;  in  a  few  they  are 
low.  In  acute  secondary  anemia  (sepsis,  hemorrhage)  the  index  may 
be  low  (0.72) ;  so  also  in  chlorosis  of  the  severer  type.  In  a  few  cases 
of  chronic  severe  secondary  anemia  (as  in  uncinariasis)  Capps  found 
the  volume  index  high.  Analogous  results  have  been  obtained  by 
Wroth. 

Literature. — Hedin,  Arch.  f.  ges.  Phys.,  vol.  xl,  p.  360.  Gartner,  Wien.  klin. 
Woch.,  1892,  No.  2.  Daland,  Fort.  d.  M5ed.,  1891,  No.  21.  AspeVin  Zeit.  f.  klin. 
Med.,  1903,  vol.  xlix,  p.  393.  J.  A.  Capps,  Joum.  Med.  Researcn,  December, 
1903.     P.  Wroth,  Johns  Hopkins  Hospital  Bull.  February,  1907. 
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Hemoj^obinometers. — While  it  is  usually  possible  to  form  a 
fairly  clear  idea  of  the  degree  of  anemia  by  direct  inspection  of  the 
patient,  the  appearance  of  the  mucous  surfaces,  etc.,  it  is  often  de- 
sirable to  obtain  more  definite  information,  and,  above  all,  a  numer- 
ical expression  of  the  extent  of  the  anemia.  This  is  especially  im- 
portant in  the  diagnosis  of  certain  forms  of  anemia,  in  which  the 
"color  index'*  plays  an  important  part — i.  e.,  the  ratio  between  the 
percentage  of  hemoglobin  and  the  percentage  of  the  red  corpuscles, 
as  compared  with  the  normal.  To  this  end,  special  instruments  have 
been  devised,  which  are  termed  hemoglobinomeiers  or  hemometers. 
Of  the  various  forms  which  are  now  in  the  market,  the  hemoglobin- 
ometer  of  Dare  is  probably  the  best,  and  is  rapidly  replacing  the  old 
instrument  of  v.  Fleischl,  which  for  many  years  was  the  standard. 
It  is  more  exact  and  more  convenient.  Miescher's  modification  of 
the  Fleischl  instrument  is  possibly  still  more  accurate,  but  too  costly 
for  general  adoption.  The  little  instrument  of  Gowers,  in  the  modifica- 
tion of  Sahli,  when  obtained  from  a  reliable  source  will  also  furnish 
good  results.  Unfortunately  many  of  those  which  have  been  placeci 
on  sale  are  worthless.  Oliver's  instrument  has  some  advantages  over 
the  Fleischl,  but  none  over  the  Dare.     The  Talquist  method  is 
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warmly  recomraeiideil  by  Cabot,  and  may  be  used  to  advanti^  in 
routine  work  by  the  general  practitioner;  for  exact  work  it  is  insuf- 
ficient. 

Dan's  Hemoe:lobinoinet6r. — The  essential  parts  of  Dare's  hemo- 
globinometer  (Fig.  30)  are  an  automatic  pipette  for  ccJlecting  the 
blood  (Fig.  31)  and  a  graduated  color  scale  (Fig.  32)  to  measure 
the  corresponding  percentage  of  hemoglobin.  Thb  latter  reads 
from  10  to  120,  the  100  mark  corresponding  to  the  color  of  a  solution 
of  13.77  grams  of  hemoglobin 
in  100  C.C.  of  serum.  The 
various  shades  of  color  cor- 
responding to  the  scale  are  ob- 
tained by  rotation  of  a  pris- 
matic glass  semicircle  tinted 
with  golden  purple  of  Cassius 
(Fig.  32,  E),  which  is  secured 
to  a  thin  white  glass  disk  (/). 
The  numerical  scale  ts  placed 
on  the  edge  of  a  correspond- 
ing semicircle  {H)  of  thick 
white  glass  (F).  This  part 
of  the  apparatus  is  enclosed  in  a 
dust-proof  hard-rubber  case, 
and  is  rotated  from  the  outside 
by  the  aid  of  a  nilil)er-fovered  roller  which  runs  on  the  edge  of  the  disk 
and  is  turned  by  a  milled  wheel  at  R  (Fig.  30).  In  the  rubber  case 
in  a  little  cin-idar  window  through  which  the  color  of  the  prism 
is  viewed  by  means  of  a  small  telescoping  camera  tube  (Fig.  33,  A""), 


provideil  with  a  niiignifying  lens  of  low  [xjwer.  The  color  aperture 
represents  a  -surface  about  e<|U!»I  to  3  [ht  cent,  of  the  color  scale. 
I>ookifig  thntugh  the  tube  a  eornwponiling  window  will  be  seen  side 
by  -side  wiih  llic  one  thn>ugh  which  the  color  scale  is  visible.  In  front 
of  this  the  blood  [ni)ette  is  secured.  The  e,s.s«^ntial  part  of  this  is  an 
oblong  plate  of  white  jftass  (Fig.  31,  ^1),  into  the  end  of  which  a 
depressed  siirfiice  of  measured  depth  is  ground,  the  floor  being  ex- 
actly parallel  tt»  the  plane  surface  of  the  glass.  This  depression 
forms  a  capillary  clmmber  (D)  wh<!n  the  transparent  glass  plate  (JB) 


ESTIMATION  OF  HEMOGLOBIN 


149 


is  firmly  clamped  upon  it  by  the  pipette  clamp  C;  it  is  filled  by 
capillary  attraction  when  either  of  the  three  free  edges  is  touched  to 
the  blood  drop.  The  pipettei{is  le  d  in  position  on  the  stage  of  the 
instrument  by  guides  which  run  in  grooves  on  the  lower  part  of  the 
clamp.    The  plate  of  white  glass  is  toward  the  light. 

The  camera  tube  screws  into  a  movable  shutter  (Fig.  30);  when 

this  is  swung  outward  the  two  aper- 
tures become  visible  through  which  the 
blood  and  the  colored  scale  are  viewed. 

In  front  of  the  pipette  a  candle  is 
clamped  in  such  a  position  that  both 
the  blood  and  the  color  scale  are  equally 
illuminated. 

Method  of  Use.  —  As  the  compari- 
son of  the  color  of  the  blood  with  that 
of  the  color  scale  should  be  made  as 


Fxo.  33.—  Horisontal  section  of 
Dare's  hemofflobinometer.  (on  a 
level  with  centre  of  comparison 
apertures):  J.  candle;  K^  white 
KlasB  disk  of  color  prism;  L,  color 
prism;  A/,  aperture  through  which 
color  of  blood  film  is  viewed:  M', 
aperture  through  which  the  illum- 
inated color  prism  is  viewed;  iV, 
camera  tul>o;  O,  transparent  glass 
of  pipette;  P,  white  glass  of 
pipette. 


Fig.  34. — Filling  the  automatic  blood  pipette. 


soon  after  filling  the  pipette  as  possible,  the  apparatus  is  prepared 
for  use  beforehand  by  screwing  the  camera  tube  into  place  and  ad- 
justing the  candle;  this  should  be  at  such  a  level  that  the  blue  flame 
of  the  candle  is  below  the  color  aperture,  care  being  taken  to  have 
the  wick  of  proper  length  (half-inch)  and  not  charred  at  the  tip. 
Curved  or  eccentric  wicks  should  be  turned  so  that  the  intensity  of 
light  in  a  vertical  position  is  midway  between  the  two  color  aper- 
tures. 

The  glass  plates  of  the  pipette  having  been  thoroughly  polished  and 
refastened  in  the  clamp,  the  finger  or  ear  is  freely  punctured  as  usual 
and  the  capillary  space  of  the  pipette  filled  with  the  blood,  by  hold- 
ing one  of  the  three  edges  horizontally  to  the  drop  (Fig.  34).  Any 
blood  adhering  to  the  flat  surfaces  of  the  glass  plates  is  carefully 
wiped  away  and  the  pipette  placed  in  position.  The  candle  is 
lighted,  the  shutter  thrown  out,  the  camera  tube  focused,  and  the 
color  of  the  blood  (on  the  left)  compared  with  the  color  scale  (on  the 
right).    The  two  are  matched  by  rotating  the  color  disk  by  means 
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of  the  milled  wheel,  which  should  be  done  in  an  abrupt  manner, 
and  frequently  resting  the  eye.  To  this  end  the  shutter  is  dropped 
and  thrown  out  again  as  the  case  may  be.  The  examination  need 
not  be  conducted  in  a  darkened  room,  but  it  is  important  to  turn  the 
instrument  toward  a  dark  background,  so  as  to  eliminate  all  direct 
or  reflected  light.  The  reading  is  indicated  by  the  bevelled  edge  of 
the  rectangular  opening  on  the  side  of  the  case;  the  figure  immedi- 
ately beneath  this  represents  the  percentage  of  hemoglobin.  Im- 
mediately after  use,  the  two  glass  plates  of  the  pipette  are  cleansed 
with  water  and  a  little  acid  alcohol,  dried,  and  again  replaced.  Fur- 
ther details  in  regard  to  technique  accompany  the  instrument. 

My  personal  experience  with  the  instrument  has  been  quite  satis- 
factory. 

Literature. — A.  Dare,  Phila.  Med.  Jour.,  Sept.  22,  1900. 

Fleischl'fl  Hemoglobinometer. — ^The  principle  underlying  the  v. 
Fleischl  method  is  essentially  the  same  as  that  of  the  Dare  method; 
the  color  of  the  blood  is  compared  with  the  color  of  a  glass  wedge 
stained  with  the  golden  purple  of  Cassius  or  a  similar  pigment, 
a  scale  indicating  the  corresponding  amount  of  hemoglobin.  With 
the  Fleischl  instrument,  however,  diluted  blood  is  used,  which  is  one 
of  the  disadvantages  of  the  method. 

The  instrument  (Fig.  35)  consists  of  the  glass  wedge  a,  to  which 
a  scale,  fc,  is  attached,  ranging  from  0  to  120,  0  being  placed  at  the 
thinnest,  120  at  the  thickest  portion  of  the  wedge.  By  means  of  a 
rack  and  pinion  this  may  be  made  to  slide  from  side  to  side  beneath 
a  platform  corresponding  to  the  stage  of  a  microscope.  In  the 
centre  of  the  platform  there  is  a  circular  opening  into  which  artifi- 
cial light  (daylight  is  not  permissible)  is  projected  from  a  circular 
plate  of  plaster  of  Paris  mounted  beneath,  in  the  position  of  the 
mirror  of  the  microscope.  Into  the  circular  opening  a  metallic  tube, 
1.5  cm.  in  height,  is  fixed,  which  is  closed  at  the  bottom  with  a 
plate  of  glass  and  divided  into  two  ecjual  compartments  by  a  metal 
partition.  One  compartment  receives  the  light  through  the  glass 
wedge — the  red  chamber;  the  other,  directly  from  the  plaster-of- 
Paris  reflector — the  white  chamber. 

Capillar}-  pipettes  of  known  capacity  accompany  the  instrument. 
This  capacity  is  somewhat  variable  and  is  indicated  on  the  handle 
of  each,  which  number  must  correspond  with  that  marked  on  the  top 
screw  head  of  the  instniment.  Generally  speaking,  the  capacity  of 
each  pipette  is  such  that  with  the  blood  of  a  perfectly  normal  indi- 
vidual the  mixture  of  blood  and  water  in  the  white  chamber  wiU 
correspond  in  color  to  that  of  the  colored  wedge  at  the  mark  100 
(a  13.77  per  cent,  solution  of  hemoglobin). 

The  pipette  is  filled  by  capillary  attraction  from  a  drop  of  blood 
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obtained  in  the  usual  manner.  If  on  trial  it  is  found  that  the  blood 
does  not  immediately  run  up  in  the  tube,  this  b  repeate<lly  washed 
out  with  water  and  then  dried.  If  this  b  always  done  after  the 
examination,  the  pipette  will  be  in  working  order  on  the  next  oc- 
casion. While  filling  the  pipette  care  should  be  had  that  it  b  not 
immersed  in  the  blood,  but  only  brought  in  contact  with  it.  The 
two  compartments  of  the  cell  having  been  previously  partly  filled  with 
water,  the  charged  pipette  b  at  once  placed  in  the  white  chamber 
and  rapidly  moved  to  and  fro  until  the  blood  is  well  mixed  with 
the  water.  Any  trace  remaining  in  the  pipette  is  carefully  washed 
out  with  water  by  the  aid  of  a  medicine  dropper.     The  contents  of 


the  chamber  are  stirred  with  the  handle  of  the  pipette  when  both 
compartments  are  filled  with  water,  using  the  same  dropper,  so  that 
there  b  a  convex  meniscus  over  each.  The  color  of  the  blood  b 
then  matched  on  the  wedge,  which  should  be  moved  by  quick  turns 
of  the  adjustment  screw  rather  than  in  a  gradual  way,  as  the  eye  will 
otherwise  be  less  apt  to  appreciate  fine  shades  of  difference.  Day- 
light, as  I  have  said,  b  not  permLssible;  a  candle  or  gas  flame  of 
moderate  intensity  placed  about  a  foot  and  a  half  dbtant  is  best. 
The  eye  should  be  perpendicularly  above  the  cell,  and  it  is  well  to 
view  the  colors  through  a  paper  tube  which  b  placed  over  the  two 
compartments.     The   number   facing  the   notch    in   the   little   well 
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immediately  behind  the  cell  indicates  the  percentage  of  hemo^obin. 
The  readings  corresponding  to  the  middle  portion  of  the  wedge  are 
apt  to  be  more  nearly  correct  than  the  lower  values.  For  this 
reason  it  is  well,  when  a  preliminary  examination  has  shown  a  low 
figure,  to  repeat  the  test,  using  two  or  three  pipettefuls  of  blood 
instead  of  one,  the  result,  of  course,  being  divided  by  2  or  3,  as  the 
case  may  be.  On  the  whole,  the  Fleischl  method  furnishes  results 
which  are  somewhat  lower  than  those  obtained  with  the  Dare;  this 
is  true  especially  of  the  older  models,  with  which  a  percentapj  of 
100  was  only  rarely  observed.  The  instruments  of  more  recent 
construction,  however,  are  much  better.  Personally  I  regret  to  see 
the  Fleischl  apparatus  supplanted  by  newer  instruments;  it  was  con- 
venient and  neat.  It  has  its  defects,  to  be  sure,  and  it  is  unfor- 
tunate that  the  Miescher  modification,  in  which  these  have  been  elimi- 
nated, and  which  unquestionably  gives  the  most  accurate  results,  is 
still  so  costly  that  its  general  use  is  out  of  the  question. 

Oowers'  Hemoglobinometer  (Sahli's  Modificatioii). — ^The  apparatus 
(Fig.  36)  consists  of  two  glass  tubes  (A  and  B)  which  are  of  the  same 
diameter.  One  of  these  (-4)  is  closed  and  contains  a  solution  of 
hematin  hydrochlorate  in  a  concentration  corresponding  to  a  1  per 
cent,  solution  of  normal  blood.  The  other  tube  is  provided  with  an 
ascending  scale  of  140  divisions,  each  degree  corresponding  to  20 
cb.  mm.  A  capillary  pipette  marked  at  20  cb.  mm.,  a  guarded  lancet, 
a  dropping  bottle,  and  a  small  stand  accompany  the  instrument. 

The  finger  is  punctured  as  usual  and  the  pipette  filled  to  the  20 
cb.  mm.  mark;  the  blood  is  immediately  discharged  into  the  graduated 
tube  and  mixed  with  one-tenth  normal  hydrochloric  acid  (saturated 
with  chloroform  as  a  preser\'ative)  which  has  been  previously  filled 
in  to  the  mark  10.  When  the  color  of  the  mixture  has  become  a  clear 
dark  brown,  water  is  added  drop  by  drop,  shaking  after  every  addition, 
until  the  color  matches  that  of  the  standard  solution.  The  division 
on  the  scale  ultimately  reached  indicates  the  percentage  of  hemoglobin. 

The  examination  can  be  conducted  with  natural  and  artificial 
light. 

The  method,  as  I  have  indicated  al)()ve,  is  satisfactory  if  the  instni- 
ment  lia.s  l)een  obtained  from  a  reliable  source.  Its  low  cost  makes 
it  especially  ser\iceahle  in  large  clinics  and  for  purposes  of  teaching 
in  the  clinical  lal)orator\\  But  in  ever\'  case  it  is  advisable  to  com- 
pare  its  scale  with  a  standanl  instrument 

Talquist's  Method. — The  color  of  the  blocxl,  in  this  case  undiluted, 
is  compared  with  a  series  of  lithogra})hed  standanl  tints,  which  repre- 
sent a  scale  ranging  by  tens  from  10  to  1(K).  The  technique  is  very 
simple:  drops  of  blood  are  receive<l  on  pieces  of  white  filter  paper  of 
suitable  thickness  which  accompany  the  color  scale,  and  are  compared 
with  the  tints  on  the  plate,  using  ordinarv  daylight. 

Accuracy  is,  of  course,  not  to  l)e  expected  from  so  crude  a  method, 
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so  that  its  use  is  of  necessity  limited.  It  will  suffice  in  a  veiy  general 
way  to  control  the  result  of  treatment,  but  it  is  inapplicable  in  the 
determination  of  the  color  index. 

KsUnution  of  Blood  Inn  wtth  JoIIm'  Feiromatai. — The  estimation 
of  the  hemoglobin  from  the  amount  of  blood  iron,  as  originally  sug- 
gested by  Jolles,  is  unfortunately  not  possible,  as  it  has  been  shown 
that  constant  relations  between  the  two  bodies  do  not  exist.  All  the 
iron  of  the  blood  is  not  present  in  this  form,  nor  does  it  all  occur  in 
the  formed  colored  compounds.  Jolles' method 
of  estimating  the  total  amount  of  blood  iron 
deserves  consideration,  however,  as  it  is  a 
practical  method  and  discloses  facts  which 
are  of  clinical  interest  It  is  desirable  that  it 
should  be  introduced  in  the  clinical  Uboratory 
as  a  roudne  method. 

The  principle  is  the  following:  A  small 
amount  of  blood  is  incinerated,  and  the  re- 
maining red  oxide  of  iron  brought  into  solu- 
tion with  a  little  monacid  potassium  sulphate. 
In  this  solution  the  iron  is  then  estimated 
colorimetrically  with  an  instrument  which  is 
constructed  upon  the  principle  of  Fleischl's 
hemometer  and  which  is  termed  the  ferrom- 
eter.  It  is  made  by  Reichert  in  Vienna  and 
can  be  readily  transformed  into  the  hemom- 
eter proper.  Full  directions  accompany  the 
apparatus.  The  results  are  expressed  in  rel- 
ative terms,  the  number  100  on  the  scale 
corresponding  to  0.0425  per  cent,  by  weight 
of  iron.  Some  of  the  results  which  hiave  been 
obtained  with  the  clinical  ferrometer  are  given 
below,  tf^ther  with  the  corresponding  figures 
indicating  the  amount  of  hemoglobin : 


Flo.  36.— Sahli'i 


Nomial 103.0 

N6nnal 92.6 

Normal B5.5 

NonnaJ 110.0 

Nonn&l ■  .     ,     .     ,  83.8 

Chlorosis 32.1-68.2 

Simple  anemia 33.2-74.7 

Icterus 55.0 

Ijeukemla 40.7 

Leukemia 38.6 

Pseudoleukemia         77.24 

Severe  diabetes 78,7 

Severer  diabetes 91.4 

Farenchymatiius  neplirilis 51  7 
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These  figures  at  once  illustrate  the  lack  of  relationship  which  exists 
between  the  amount  of  hemoglobin  and  that  of  the  blood  iron  as  a 
whole. 

In  a  series  of  cases  JoUes  also  examined  into  the  presence  of  iron 
in  the  serum,  by  centrifugating  a  given  volume  of  blood  mixed  with 
an  0.8  per  cent,  salt  solution,  and  found  that  in  health  the  serum 
contains  no  iron.  In  3  cases  of  chlorosis,  in  1  case  of  leukemia,  in  1 
of  neoplasm,  and  1  of  interstitial  nephritis,  negative  results  were  like- 
wise reached.  In  2  cases  of  severe  dial>etes,  on  the  other  hand,  notable 
quantities  were  found. 

Deganello*  has  studied  the  relation  between  the  amount  of  blood 

.     /Fe\  .      . 
iron  and  hemoglobin  (  tj  i  /   *"  diflFerent  forms  of  secondary  anemia, 

and  found  that  this  ratio  remains  normal,  until  the  Hb  has  reached 
a  certain  minimum — 46  to  58  per  cent. ;  from  this  point  off  the  value 

Fe 

-j^  surpasses  the  normal  the  more  the  deeper  the  Hb  value  falls. 

Mere  mechanical  loss  of  Hb  does  not  materially  alter  this  value, 
however,  even  in  cases  of  marked  oligochromemia.  When  toxic 
influences  are  at  play  marked  discrepancies  will  result. 

Mitulescn^  comes  to  quite  analogous  conclusions.  He  thinks  that 
the  hemoglobin  estimation  only  is  required  as  a  rule,  from  which  the 
iron  value  can  be  calculated  according  to  Hoppe-Seyler's  formula: 

lib  X  0.42 
Fe  =  .     ^ .     ff  hemolytic  processes  are  suspected,  or  if  albumin- 

uria exists,  both  methcxis  are  to  be  employed. 

LiTEKATTiRE. — A.  JoUes.  '*  FeiTonieter,"  Deutsch.  med.  Woch.,  1897.  No.  10; 
ibid.,  1898.  No.  7.  Hlaclik,  '*  Untersuchungen  iiber  d.  Eisenehalt  a.  Blutes 
gesundcr  Menschon,"  Wien.  klin.  Woch..  1898,  No.  4.  S.  Jellineck,  "  Ueber 
Fiirbekraft  und  Eisengohalt  d.  Hlules,"  ibid.,  Nos.  33,  34.  A  Jolles,  **Verein- 
fachtca  klin.  FcrromeU^r,"  Berlin,  klin.  Woch.,  1899,  No.  44,  p.  965. 


KRTOSGOPIG  EXAMINATION  OF  THE  BLOOD. 

The  krvoscopic  examination  of  the  blood  has  for  its  object  the 
determination  f)f  the  niolecuhir  concentration,  and  hence  of  the  os- 
motic pressun*  of  the  blofxl.  The  method  is  essentially  based  upon 
the  obser\'ati()ns  of  Kaoiilt:  («)  that  all  solid,  liquid,  or  gaseous 
substances  when  dissolved  in  a  licjuid  will  lower  the  freezing  point  of 
that  liquid;  {h)  that  the  decree  to  which  the  freezing  point  is  lowered 
is  dependent  upon  the  amount  of  sul)stance  which  is  present  in  solu- 

*  Atti  del  H.  I.-^tituto  Vcneto  di  Soienze  lott.  and  arti.  T.  Ixiii. 
»  Zcit.  f.  klin.  Med..  Ixx.  314.  190. 
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tion;  and  (c)  that  equimolecular  solutions  have  like  freezing  points.* 
It  follows  that  the  freezing  point  of  a  solution  furnishes  an  index 
of  its  molecular  concentration,  and  hence  also  of  its  osmotic  pressure, 
as  this  has  been  shown  by  van't  Hoff  to  be  proportionate  to  the  num- 
ber of  molecules  present. 

The  degree  to  which  the  freezing  point  is  lowered  is  designated 
by  the  letter  J.  In  the  case  of  normal  blood  this  varies  between 
--0.56  and  — 0.58*^  C,  as  compared  with  distilled  water.  A  further 
depression  is  probably  always  indicative  of  renal  insufficiency;  it  is 
a  symptom  of  decided  value  and  deserves  more  general  consideration. 
In  the  domain  of  renal  surgery  especially  the  study  of  kryoscopy  of 
the  blood  b  important.  Of  foreign  investigators,  Kiimmel  more 
particularly  has  pointed  out  the  value  of  the  method  in  this  field. 
As  the  result  of  265  freezing-point  determinations  of  the  blood,  in 
170  cases  in  which  various  operations  were  performed  upon  the  kidney 
and  in  which  a  direct  examination  of  the  organ  was  possible,  he  con- 
cludes that  kiyoscopy  furnishes  the  most  important  index  of  renal 
insufficiency  as  compared  with  all  other  modem  methods.  Other 
observers,  such  as  Casper  and  Richter,  Tinker,  and  others,  have 
arrived  at  similar  conclusions.  To  Koranyi,  however,  belongs  the 
credit  for  the  introduction  of  kryoscopy  into  the  clinical  laboratory 
and  its  application  to  the  study  of  renal  diseases.  Senator,  Claude 
and  Balthazar,  Albarran,  Kovesi,  Lindemann,  Waldvogel,  and  others 
have  materially  contributed  to  establish  its  value  as  a  clinical  method. 

Zangemeister,*  who  has  carefully  studied  the  molecular  concen- 
tration of  the  blood  during  pregnancy,  the  puerperal  period,  and  in 
eclampsia,  found  a  lessened  concentration  in  the  first  instance,  and 
values  in  the  second  which  were  still  below  the  normal  average  and 
yet  slightly  higher  than  in  pregnancy.  In  eclampsia  the  average 
concentration  was  quite  normal.  Similar  results  have  been  obtained 
by  others,  such  as  Fiith  and  Kronig,'  Szili,*  and  Ix)benstine.''  During 
pregnancy  (ninth  month)  the  latter  found  the  average  J  in  12  cases 
to  be  — 0.51®  (variations  from  0.45°  to  0.57°) ;  the  average  value  in 
12  puerperal  women  was  — 0.53°  (variations:  -k).49°  to  — 0.58°  C). 
He  accordingly  concludes  that  if  there  is  retention  in  eclampsia  it  must 
be  of  either  colloidal  substances  or  of  crystalline  substances,  too  small 
in  amount  to  affect  the  concentration  of  the  blood. 

Schmidt*  has  recently  studied  the  kiyoscopic  behavior  of  the  blood 

*  Solutions  are  termed  equimolecular  when  for  a  constant  quantity  of  the 
solvent  they  contain  such  quantities  of  substance  in  solution  that  these  l>ear  the 
same  ratio  to  each  other  as  their  molecular  weights.  Example:  The  molecular 
weight  of  sodium  chloride  is  58.5  and  of  sodium  carbonate  106;  if  we  dissolve 
these  quantities  or  the  same  multiples  of  each  in  a  constant  quantity  of  water, 
such  solutions  would  be  equimolecular. 

'  Zeit.  f.  Geburts.  u.  Gvn.,  vol.  i,  Heft  3 
»  Centralbl.  f.  Gyn..  1*901,  No.  25. 

*  ()r\'osi  Hetilap,  1900,  No.  37.  »  Amer.  Med.,  October  15,  1904. 

*  Jour.  Amer.  Med.  As.soc.,  Sept.  23,  1905. 
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in  pneumonia  and  as  the  result  of  an  analysis  of  24  cases  he  con- 
cludes as  follows: 

There  is  an  absolute  lowering  of  the  freezing  point  in  pneumonia, 
which  seems  to  depend  either  on  the  extent  of  the  consolidation  or  on 
the  height  of  the  temperature  or  both.  The  concentration  of  the 
blood  increases,  as  shown  by  the  lower  freezing  point,  as  the  disease 
progresses  up  to  the  time  of  the  crisis.     In  those  cases  where  the  heart 

weakens  perceptibly  the  freezing  point  of 
the  blood  becomes  lower  and  in  the  fatal 
cases  in  which  the  heart  gives  out  the  freez- 
ing point  is  very  low. 

Method. — In  the  clinical  laboratory  a 
modification  of  Beckmann's  apparatus  is 
most  conveniently  employed  (F^.  37).  Its 
essential  parts  are:  a  Heidenhain  thermo- 
meter (D)  graduated  in  hundredths  and 
reading  from  — 1°  to  — h^  C;  a  platinum 
wire  loop  for  stirring  (JE);  a  test-tube  {A) 
which  is  closed  by  a  stopper  through  which 
the  thermometer  and  stirring  wire  pass,  and 
which  in  turn  is  placed  in  a  second  larger 
tube  (B)  so  as  to  be  surrounded  by  an  air 
space.  The  jar  (C)  is  filled  with  a  freezing 
mixture  of  salt  and  ice,  the  temperature  of 
which  should  lie  between  — ^2*^  and  — b^  C. 
Into  this  is  placed  the  second  tube  B,  The 
test-tube  A  is  charged  with  20  c.c.  of  blood 
(if  only  10  c.c.  are  available,  this  amount 
may  suffice),  obtained  by  means  of  a  large 
aspirating  syringe  from  one  of  the  veins  near 
the  bend  of  the  elbow,  as  in  the  case  of  a 
bacteriological  examination  of  the  blood;  the 
thermometer  is  introduced  and  the  stirring 
wire  adjusted.  The  tube  is  placed  directly, 
in  the  freezing  mixture  until  the  mercury 
leaves  the  reservoir  bulb  (F) ;  this  is  done 
to  save  time.  It  is  then  adjusted  in  the  second 
tube,  as  shown  in  the  illustration,  and  the 
l)lood  constantly  stirred  with  the  platinum 
wire.  The  temperature  falls  more  or  less 
rapidly  below  the  freezing  point  l>efore 
actual  freezing  takes  ])lace;  as  this  occurs  it  suddenly  rises  again 
owing  to  liberation  of  heat,  and  then  remains  constant  for  some 
time.  This  [)oint  represents  the  true  freezing  point.  I^ter,  if  the 
tube  is  allowe<l  to  remain  in  the  freezing  mixture,  the  temperature 
may  fall  to  that  of  the  latter.  The  difference  between  the  freezing 
point  of  distilled  water  and  that  of  the  blood  is  J. 


Fi«.  37. — Beckmann's 
api)aratus. 


STUDY  OF  OSMOTIC  RESISTANCE  OF  THE  RED  CELLS    167 

In  every  case  it  is  necessary  to  determine  the  true  zero  for  each 
instrument  separately,  as  this  often  varies  somewhat  owing  to  un- 
avoidable errors  incident  to  its  construction.  To  this  end  the  tube 
A  is  charged  with  three  to  four  times  the  amount  of  distilled  water 
which  is  necessary  for  one  examination.  The  greater  portion  of  this 
is  frozen;  the  liquid  portion  is  thrown  away;  the  frozen  water  is 
allowed  to  thaw  and  is  again  frozen  in  part,  a  portion  being  again 
thrown  away;  the  remainder  is  suflBciently  pure  for  the  examination. 
.  The  freezing  mixture  is  prepared  by  packing  alternate  layers  of 
ice  and  salt  into  the  jar  around  the  tube  B^  which  is  held  in  position 
while  the  ice  is  packed.  Ice  and  salt  are  finally  thoroughly  mixed 
by  stirring  with  a  heavy  wire  ring  and  rod  (G).  If  several  exami- 
nations are  to  be  made,  the  water  which  separates  out  is  poured  off 
and  replaced  by  an  additional  amount  of  salt  and  ice. 

The  method  is  quite  expeditious,  and  if  everything  is  previously 
prepared  the  examination  does  not  occupy  more  than  ten  or  fifteen 
minutes. 

Literature. — v.  Koranyi,  Zeit.  f.  klin.  Med.,  1897,  vol.  xxxiii,  and  1898,  vol. 
xxxiv.  Lindemann,  Deutsch.  Arch.  f.  klin.  Med.,  1899,  vol.  Ixv.  Albarron, 
Annal.  d.  mal.  g^nito-urin.,  1899.  Senator.  Deutsch.  med.  Woch.,  1900,  vol.  xxvi, 
p.  48.  Claude  and  Balthazar,  Presse  m^.,  1900,  vol.  xviii,  p.  85.  Casper  and 
Kichter,  Funktionellc  Nierendiagnostik,  Berlin,  u.  Wien,  1901.  Kiimmel,  Cen- 
tralbl.  f.  Chir.,  1902,  vol.  xxix,  p.  121  of  Beilage.  Tinker,  Johns  Hopkins  Hosp. 
BuU.,  1903,  vol.  xiv,  p.  162. 


STUDY  OF  THE  OSMOTIC  RESISTANCE  OF  THE  RED  CELLS. 

Janowsky's  Method. — The  red  cells  are  first  counted  as  usual, 
using  a  3  per  cent,  sodium  chloride  solution  as  diluent.  Then  a  second 
count  is  made;  this  time  with  a  hypotonic  (0.4  per  cent.)  salt  solution 
and  a  dilution  of  1  to  200.  .  Ten  minutes  should  \ye  allowed  to  elapse 
before  mounting  the  drop.  At  the  end  of  this  time  even  normally  a 
certain  number  of  red  cells  lose  their  hemoglobin.  This  number  is 
expressed  in  percentage  terms,  pro  1  cb.  mm.  of  blood.  The  exami- 
nation should  always  be  made  upon  an  empty  stomach  and  in  accurate 
work  the  barometric  pressure  and  in  cases  of  heart  disease  the  height 
of  the  blood  pressure  should  also  be  taken  into  consideration. 

Under  normal  conditions  the  corpus(!ular  stability  is  subject  to 
definite  individual  variations,  which  lie  within  very  narrow  limits. 
It  is  increased  by  physical  and  mental  labor,  diminished  by  baths  and 
diet  free  from  meats. 

Jakuschewsky*  found  normal  values  in  diabetes  (excepting  in 
coma),  pseudoleukemia,  the  primary  stages  of  syphilis,  chronic  gas- 
tritis, atrophic  hepatic  cirrhosis,  subacute  parenchymatous  nephritis, 
pyelonephritis,  hysteria,  and  minor  chorea.     In  aortic  aneurism  the 

*  Russ.  med.  Rundsch,  1904,  p.  345 
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stability  is  high,  but  quite  analogous  to  what  is  fouud  in  normal  oU 
people  with  physiological  sclerosis. 

Increaaed  stability  associate)!  with  an  increase  in  tlie  severity  uf 
the  clinical  symptoms  and  vice  versa  was  not«l  in  the  following  con- 
ditions: typhoid  and  typhus  fever,  recurrens,  croupous  pneumonia, 
acute  and  chronic  malaria,  influenza,  acute  rheumatism,  adnuicnl 
pulmonary  tuberculosis,  intestinal  tul)ercul<xsis;  chronic  parenchy- 
nialous  and  interstitial  nephritis  (in  association  with  uremic  symp- 
toms); anemia,  chlorosis,  leultemia,  catarrlial  jaundice;  Charcot- 
Hanot's  (liiliaiy)  cirrhosis;  alta^-ksofcbiilelithiasis  with  bile  retenljon; 
acute  gout;  myocaniitis  (with  beginning  insufficiency^ ;  organic  heart 
disease  during  lack  of  compensation;  the  final  stage  of  carcinoma  of 
the  stomach. 

Jakuschewsky  thinks  that  the  determination  of  the  corpuscular 
stability  may  be  of  prognostic  significance — an  increase  or  iflanlw! 
diminution  ceteris  parlhun  indicating  an  aggravation  of  the  condition— 
and  a(  times  also  of  diagnostic  value  (carcinoma  of  the  stomach), 
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General  Technique.— In  order  to  obtain  results  of  ^-aIue  it 
Usually  necessary  lo  pnx-ure  the  blooil  for  bacteriological  examinalioB 
directly  from  a  bloodvcssi'l,     'I'n  iliis  cud  iln-  rniisi  |)n>[iiinriit  super- 


J 
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(icial  vein  near  tlit.'  bend  of  the  forearm  is  chosen.  An  hour  iir  Iwn 
before  puncture  the  entire  rej^oii  of  the  arm  is  thoroughly  scrubbeil 
with  tincture  of  grt-en  soap,  rinsed  with  wann  sterile  water,  and  Gnally 
woshed  with  alcohol  and  with  ether.  A  bichloride  compress  {I  to  500) 
is  apphed  and  left  in  situ  until  everything  is  ready  for  aspiration,  ^t" 
is  then  removed,  and  the  area  thoroughly  rinsed  and  scrubbed  *  "" 
sterile  water.     An  assistant  compresses  the  targe  bloodvessels  ab( 
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the  elbow  with  sufEcient  force  to  bring  the  superficial  veins  out 
prominently,  but  not  to  arrest  the  flow  of  blood.  (A  band  firmly 
applied  answers  the  same  purpose.)  For  aspirating  purposes  the 
instrument  pictured  in  the  accompanying  figure  is  more  convenient 
than  a  hypodermic  syringe.  The  tube  is  of  about  10  c.c,  capacity 
and  graduated  in  c.c.;  it  b  ground  at  one  end  so  as  to  fit  a  No.  42 
hypodermic  needle.  The  glass  tube  contains  a  small  plug  of  cotton 
at  the  far  end.  Needle  and  tube  (minus  rutilwr  tul»e)  are  sterilized 
in  a  large  test-tube  by  dry  heat.  When  cool  ihe  nibber  tube  is  slip|>ed 
on.  The  needle  is  thrust  obliquely  into  the  most  su]>erficial  vein 
(median  basilic),  being  held  almost  })arallel  to  the  vessel.  This  is 
facilitatetl  by  steadying  the  bloodvessel  with  the  fingers  of  the  other 
hand  (asepsis!).  Blood  flows  immediately  and  this  can  be  hastened 
by  gentle  aspiration.  After  the  operation  a  small  pledget  of  bichlo- 
ride gauze  b  placed  upon  the  site  of  the  puncutre.  As  a  rule  the 
patients  complain  but  little  of  pain,  but  iu  nervous  persons  a  little 
ethyl  chloride  spray  may  be  advantageously  employed. 

llie  contents  of  the  tube  are  then  at  once  divided  among  the  culture 
media  as  described  in  detail  below. 


no.  3S.— PoalUve  acgli 


Typhoid  FeTer. — Recent  research  has  shown  that  in  typhoid  fever 
the  specific  organism  (Fig.  39)  can  be  isolated  from  the  blood  in 
a  lai^  percentage  of  cases  (over  8<)  per  cent.)  and  at  a  time  when 
the  Widal  reaction  (see  below)  may  not  yet  be  demonstrable.  In 
cases  of  great  as  well  as  moderate  severity  the  organism  is  usually 
demonstrable  duiing  the  entire  febrile  perio<l,  as  also  iluring 
relapses.     It  has  hence  been  suggested  that  a  bacteriological  blood 
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examination  be  made  in  all  doubtful  cases.  The  method  is  thor- 
oughly practicable  and  deserves  general  recognition. 

Method. — 8  to  10  c.c.  of  blood  are  withdrawn  from  one  of  the 
superficial  veins  of  the  arm  as  described.  Several  Erlenmeyer  flasks, 
each  containing  150  c.c.  of  bouillon,  should  be  ready  at  handb  Blood 
is  added  to  these  in  varying  proportions:  two  receive  1  c.c.  each  and 
two  others  2  c.c.  each.  In  this  way  1  to  150  and  1  to  75  dilutions  are 
obtained.  The  flasks  are  well  shaken  and  placed  in  the  incubator 
for  twenty-four  hours.  A  hanging  drop  is  then  examined.^  If 
negative  the  incubation  is  continued  for  twenty-four  hours  further. 
When  the  bouillon  has  become  cloudy,  subcultures  are  made  in 
milk  and  glucose  bouillon  (see  description  of  typhoid  bacillus)  and 
the  organism  further  tested  with  an  actively  agglutinating  serum  (see 
below). 

It  is  interesting  to  note,  however,  that  the  tendency  to  a^lutina- 
tion  of  freshly  isolated  typhoid  bacilli  is  almost  invariably  much 
inferior  to  that  of  bacilli  which  have  been  maintained  for  a  long 
time  on  artificial  media.  Courmont  thus  notes  that-  they  were 
commonly  agglutinated  with  a  dilution  of  1  to  50  by  a  serum  which 
agglutinated  laboratory  bacilli  at  1  to  200. 

Literature. — Neuhaus,  Berlin,  klin.  Woch.,  1886,  Nos.  6  and  24.  Schott- 
miiller,  Deutsch.  med.  Woch.,  1900,  No.  32.  Castellani,  cited  in  Presse  m^., 
June,  1900.  Auerbach  u.  Unger,  Deutsch.  med.  Woch.,  1900,  No.  29.  Cole, 
Johns  Hopkins  Hosp.  Bull.,  1901,  p.  203.  Courmont.  Jour.  d.  physiol.  et  d. 
pathol.  g^n.,  1902,  vol.  iv,  p.  155.  Polacco  and  Gemelli,  Centralbl.  f.  inn.  Med., 
1902,  vol.  xxiii,  p.  121 

Agglutination  Test  (Pfeiffer-Widal  Reaction). — Owing  to  the  develop- 
ment of  specific  agglutinins  in  the  blood  serum  of  typhoid  patients,  as  a 
consequence  of  infection,  such  serum  possesses  the  property  of  causing 
arrest  of  motility  and  agglutination  of  the  corresponding  bacilli.  This 
observation,  originally  made  by  Pfeiffer,  was  utilized  for  diagnostic 
purposes  by  Widal,  in  189G.  The  method  which  bears  his  name  has 
been  generally  adopted  in  the  clinical  laboratory,  and  must  be  regarded 
as  a  most  valuable  aid  in  the  diagnasis  of  typhoid  fever.  The  reaction 
occurs  in  ovei  95  j>er  cent,  of  undoubted  cases,  and  may  appear  as 
early  as  the  first  day  of  the  disease,  meaning  thereby  the  first  day 
that  the  j)atient  spends  in  l>ed  or  the  fifth  day  of  general  malaise. 
Such  instances,  however,  are  uncommon,  and,  as  a  general  rule, 
a  positive  result  is  obtained  only  after  the  fifth  or  sixth  day  in  bed. 
In  a  small  numl)er  of  j)ositive  cases,  on  the  other  hand,  the  patient 
may  pass  through  the  entire  course  of  the  disease,  and  present  typ- 
ical clumping  only  during  convalescence  or  a  subsequent  relapse.  In 
every  case,  therefore,  in  which  no  reaction  is  obtained  upon  first  trial, 
the  test  should  l>e  repeated  at  regular  inter\-als  throughout  the  disease. 

*  At  first  the  bacilli  an^  hut  little  active,  but  on  further  cultivation  and  rein- 
oculation  their  niotilitv  increases 
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Intermittence  of  the  reaction,  moreover,  is  very  common,  and  empha- 
sizes still  further  the  necessity  of  frequent  examinations  in  apparently 
n^ative  cases. 

while  in  some  instances  the  reaction  disappears  very  soon  after 
the  temperature  reaches  normal,  and  even  earlier,  it  generally  con- 
tinues into  convalescence,  and  may  in  some  cases  be  observed  months 
and  years  after  the  attack.  Cases  have  been  recorded  in  which  a 
positive  reaction  could  be  obtained  thirty-seven  years  after  infection. 

In  a  series  of  71  cases  who  had  had  typhoid  fever  in  the  past  Krause* 
found  the  reaction  in  36 — ^in  1  instance  twelve  years  after  the  illness. 
Of  26  cases  examined  within  a  year  16  gave  a  positive  result,  of  21 
from  the  second  to  the  fifth  year  12,  of  19  from  the  fifth  to  the  tenth 
year  7,  and  of  5  from  the  tenth  to  the  twentieth  year  1.  In  3  in- 
stances no  reaction  could  be  obtained  within  a  month  of  the  disease. 

Such  observations,  of  course,  entail  the  usefulness  of  the  test  to  a 
certain  extent.  For  this  reason  the  demonstration  of  a  negative 
reaction  early  in  a  case  which  is  followed  by  a  positive  reaction  is  a 
particularly  valuable  symptom,  the  early  negative  result  eliminating 
the  possibility  that  the  subsequent  positive  finding  could  be  referable 
to  an  antecedent  typhoid. 

The  question  whether  or  not  Widal's  reaction  is  a  specific  reac- 
tion of  the  typhoid  organism  can  be  answered  in  the  affirmative, 
notwithstanding  the  fact  that  at  times  cases  of  apparently  true  typhoid 
fever  are  seen  in  which  no  clumping  is  obtained,  and  that  the  reaction 
has  been  observed  in  cases  which  were  apparently  non-typhoid. 
Such  exceptions  are  due  in  part  to  faulty  technique,  viz.,  to  too  low  a 
degree  of  dilution  of  the  serum,  the  use  of  old  or  impure  cultures,  too 
long  a  time  limit  of  observation,  single  negative  tests,  etc.  On  the 
other  hand,  there  can  be  no  doubt  that  typhoid  bacilli  are  at  times 
present  in  the  body  without  giving  rise  to  symptoms  of  typhoid  fever. 
In  a  case  of  cholelithiasis,  reported  by  Gushing,  typhoid  bacilli  were 
found  in  the  gall-bladder,  and  distinct  clumping  was  observed  with 
a  dilution  of  1  to  30,  although  no  history  of  typhoid  fever  could  be 
obtained.  Another  interesting  apparent  exception  to  the  rule  that  the 
Widal  reaction  is  only  obtained  in  cases  of  typhoid  infection  is  re- 
ported by  Griinbaum,*  who  notes  that  he  obtained  a  positive  reaction 
in  cases  of  febrile  jaundice.  His  observations  have  since  been  amply 
confirmed.  The  biliaiy  components  'pro  se  have  manifestly  nothing 
to  do  with  the  production  of  the  reaction,  however,  as  is  shown  by 
the  observation  of  Kammerer'  who  obtained  agglutination  in  only  3 
jaundice  cases  out  of  50  (from  the  most  diverse  hepatic  diseases).  In 
the  positive  cases  no  doubt  infection  had  occurred  by  some  organism 

*  Zentralbl.  f.  Bact.,  1904,  vol.  xxxvi,  No.  1. 

»  Cited  bv  Durham.  Brit.  Med.  Jour.,  1898,  vol.  ii,  p.  600. 

*  Berlin,  klin.  Woch.,  No.  2:i,  1904. 
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of  the  paratyphoid  group,  standing  nearer  to  the  typhoid  than  the 
colon  bacillus. 

There  can  further  be  no  doubt  that  individuals  exist  who  are 
naturally  immune  against  typhoid  fever,  and  that  some  of  the  positive 
results  which  have  been  obtained  in  healthy  individuals  who  have 
never  h^  typhoid  fever  may  be  explained  in  this  manner. 

So  far  as  the  non-occurrence  of  the  reaction  in  cases  of  apparendy 
true  typhoid  fever  is  concerned  we  now  know  that  infections  occur 
with  organisms  which  are  closely  related  to  the  typhoid  bacillus 
(the  paratyphoid  group)  and  which  clinically  resemble  typhoid 
fever,  but  which  give  no  reaction  with  the  typhoid  bacillus,  unless  in 
low  dilutions.     (See  Paratyphoid  Fever.) 

WidaVs  test  is  a  most  valuable  aid  in  the  diagnosis  of  typhoid  fever, 
but  cannot  be  relied  upon  to  the  exclusion  of  other  symptoms. 

Technique. — ^The  method  is  based  upon  the  fact  that  typhoid 
serum  will  cause  arrest  of  motility  and  agglutination  of  the  specific 
bacilli  even  when  diluted,  whereas  clumping  of  the  same  organism  is 
obtained  only  with  sera  from  other  diseases  and  healthy  individuals 
when  these  are  used  in  a  more  concentrated  form.  The  time  limit 
at  which  clumping  occurs  is  likewise  an  important  factor,  as  non- 
typhoid  sera  are  at  times  met  with  in  which,  notwithstanding  a 
certain  degree  of  dilution,  agglutination  occurs,  providing  that  the 
specimen  is  kept  for  a  long  time.  Both  factors — viz.,  the  degree  of 
dilution  necessary  to  eliminate  the  agglutinating  power  of  non-typhoid 
sera,  as  also  the  time  limit  of  observation — ^have  been  arbitrarily  de- 
termined. Widal  originally  advised  a  dilution  of  1  to  10,  and  Griiber 
a  time  limit  of  one-half  hour.  It  was  soon  ascertained,  however, 
that  this  dilution  was  too  low,  and  most  observers  have  favored  a 
dilution  of  1  to  40  or  1  to  50.  At  the  present  time  there  is  a  ten- 
dencv  to  further  increase  this  even  as  far  as  1  to  200  with  a  time 
limit  of  one-half  hour. 

With  the  original  method  only  a  full  virulent,  fresh  bouillon  culture 
of  the  typhoid  bacillus,  viz.,  one  not  older  than  sixteen  to  twenty- 
four  hours,  is  employed.  The  further  technique  is  simple:  1  volume 
of  blo(Kl  serum  is  diluted  with  the  requisite  amount  of  normal  salt 
solution  to  20,  25,  50,  or  100  volumes,  as  the  case  may  be.  Of  this 
mixture  one  droplet  is  mounted  on  a  cover-glass,  mixal  with  a  droplet 
of  the  typhoid  culture  (dilutions  of  40,  50,  100,  or  200  thus  resulting), 
and  invertetl  over  a  cu{)pcHl  slide,  with  a  little  vaselin  along  the  edges. 
The  examination  is  conducted  with  a  medium  power  (I^itz,  6  or  7; 
Bausch  and  Ix)mb,  ^). 

If  the  case  in  cjuestion  is  one  of  typhoid  fever,  it  will  be  observed 
that  after  a  variable  length  of  time  the  individual  bacilli,  which  at 
first  actively  dart  about  the  field  of  vision,  become  quiescent  and  tend 
to  gather  in  distinct  clum])s,  while  the  interspaces  become  entirely 
free  from  bacilli  or  verj'  nearly  so.     After  one-half  hour,  or  one 
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or  two  hours,  according  to  the  degree  of  dilution,  all  motion  has 
ceased.  When  the  time  limit  has  expired  and  loss  of  motility  and 
agglutination  have  not  occurred  the  result  is  negative.  In  such  an 
event  further  examinations  should  be  made  on  the  following  days. 
In  every  case  it  is  well  to  make  a  control  test  with  the  simple  bouillon 
culture,  so  as  to  ensure  the  absence  of  preformed  clumps  and  the 
virulence  of  the  organism;  of  the  latter,  the  degree  of  motility  is  the 
best  index.     In  order  to  secure  the  a 

necessary  degree  of  dilution,  various 
methods  have  been  suggested.  The 
simplest,  and  the  one  generally  em- 
ployed in  municipal  bacteriological 
laboratories,  is  to  receive  a  large  drop 
of  blood  upon  a  slide  or  slip  of  glazed 
paper,  and  allow  it  to  dry.  A  drop  or 
two  of  distilled  water  is  then  placed  on 
the  blood  and  allowed  to  remain  for  sev- 
eral minutes,  when  it  is  further  diluted 
and  examined  as  described.  The 
principal  advantage  of  this  method  is 
its  simplicity  and  the  fact  that  the  dried 
blood  retains  its  agglutinating  proper- 
ties for  weeks  and  months.  The  25Cmm\ 
results,  however,  are  less  reliable  than  ^^ 
with  the  use  of  liquid  blood.  This 
can  be  readily  collected  in  little  glass  .- 
capsules,  such  as  Wright  has  recom- 
mended for  opsonic  Work  (Fig.  40,  6). 
The  finger  or  ear  is  pricked  as  usual  10 
and  the  blood  allowed  to  enter  the 
bent  capillary  arm  of  the  capsule  by 
merely  being  held  in  contact.  When  ^ 
enough  has  been  collected,  the  far  end 
of  the  capsule  is  warmed  and  the 
straight  end  sealed,  when  the  blood  will 
mount  into  the  body  of  the  capsule. 
The  bent  arm  is  then  also  sealed.  In 
this  manner  the  blood  can  be  kept  for 
a  long  time.  At  the  laboratory  it  is  ^'^•^-^' YiSSd'iiSSf"'' '•'''^'*^''' 
hung  into  the  centrifuge,  if  the  serum 

has  not  already  separated  out,  briefly  centrifugated,  and  the  capsule 
cut  with  a  file.  The  serum  is  then  diluted  with  the  aid  of  a  Thoma- 
Zeiss  pipette  or  a  common  capillary  pipette  such  as  anyone  can 
construct  and  is  pictured  in  Fig.  40.  These  pipettes  are  destroyed 
after  use. 
A  very  material  advance  in  the  practical  application  of  the  agglutina- 


164  THE  BLOOD 

tion  test  was  made  by  the  discovery  that  it  is  not  necessary  to  work 
with  living  cultures  of  the  typhoid  bacillus,  but  that  dead  bacilli 
will  answer  just  as  well,  providing  they  are  killed  oflF  when  in 
a  virulent  condition.  To  this  end  formalized  cultures  are  espe- 
cially convenient.  To  prepare  this  a  twenty-four  to  forty-eight  hours' 
bouillon  culture  of  an  actively  agglutinable  strain  is  treated  with 
formalin  to  the  extent  of  1  per  cent,  of  the  solution,  and  set  aside  for  a 
week.  The  bacteria  are  allowed  to  settle,  when  the  supernatant 
fluid  is  poured  off  and  replaced  by  formalized  normal  salt  solution. 
In  this  form  the  material  will  keep  for  months.  Before  use  it  should 
be  well  agitated  and  examined  to  see  that  no  artificial  clumps  are 
present.  With  the  formalized  culture  the  microscopic  examination 
can  then  be  made,  or  one  can  proceed  macroscopically.  If  the  micro- 
scopic test  is  used  the  examination  is  made  after  two  to  twenty 
hours. 

The  so-called  Ficker  Diagnosticum  is  a  suspension  of  typhoid 
bacilli  which  have  been  killed  off  by  a  special  process,  which  has 
not  been  made  public.  The  outfit  is  sold  by  Merck  and  is  used  iii 
the  macroscopic  application  of  the  test.  It  consists  of  a  series  of 
small  corked  tubes,  a  graduated  dropping  tube,  a  bottle  of  the  diag- 
nosticum and  one  of  normal  salt  solution,  a  small  cupping  glass  and 
lancet.  Cupping  glass,  rubber  stopper,  and  lancet  must  first  be  steril- 
ized by  boiling  in  water.  The  blood  is  obtained  from  the  back  of  the 
patient  by  making  three  or  four  deep  punctures*  and  applying  the 
cupping  glass  in  the  usual  manner,  viz.,  after  placing  a  few  drops  of 
alcohol  in  the  bottom  and  igniting  it  and  rapidly  placing  the  bottle 
to  the  skin  before  the  flame  is  extinguished.  The  skin  of  the  back 
is  first  cleansed  with  soap  and  water,  alcohol,  and  ether.  About  1  c.c. 
of  blood  is  thus  drawn,  the  bottle  closed  with  the  rubber  cork  and  set 
aside  in  a  cool  place  until  the  serum  has  separated.  The  test-tube 
and  pipette  are  sterilized  by  means  of  alcohol  and  ether  and  the  corks  by 
boiling  in  water;  0.1  c.c.  of  the  dear  serum  is  now  placed  in  one  of  the 
test-tubes,  and  after  washing  the  pipette  with  water,  alcohol,  and  ether, 
diluted  with  0.9  c.c.  of  normal  salt  solution.  A  dilution  of  1  to  10  thus 
results,  '^rhe  mixture  is  well  shaken,  and  0.1  c.c.  placed  in  a  second 
tube  and  0.2  c.c.  in  a  third.  With  the  carefully  washed  pipette  0.9 
c.c.  of  the  diagnosticum  is  added  to  test-tul)e  No.  2  and  0.8  c.c.  to  No.  3. 
Dilutions  of  1  to  100  and  Ito  50  thus  result.  A  further  tube  (No.  4) 
receives  1  c.c.  of  the  diagnosticum  alone.  All  tubes  are  closed,  well 
agitated,  and  set  aside  in  the  dark  at  room  temperature.  They  are 
inspected  after  ten  to  twelve  hours,  when  as  a  rule  a  positive  reaction 
can  be  detected.  Sometimes  it  is  necessary  to  wait  for  twenty 
hours;  if  after  that  the  result  is  negative  it  is  so  reported.  If  the 
reaction  is  positive  the  bacilli  in  tubes  2  and  3  will  have  fallen  to  the 

*  I  find  it  more  convenient  to  collect  the  necessary  amount  of  blood  fn)m  the 
ear;  from  1  to  5  c.c,  can  be  obtained  by  ordinary  puncture  without  difficulty. 
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bottom,  leaving  the  supernatant  fluid  clear,  while  the  control  tube  4 
remains  turbid.  All  tubes  should  be  viewed  against  a  dark  back- 
ground. 

The  results  which  are  obtained  with  Ficker's  diagnosticum  are  very 
satisfactory.  The  method  has  been  amply  investigated  and  uniformly 
endorsed. 

The  formalized  cultures  described  above  can  be  utilized  just  as 
well  as  the  diagnosticum  and  in  the  same  manner  or  any  other  modifi- 
cation that  may  suggest  itself  to  the  individual  worker*.  Capillary 
pipettes  such  as  the  one  pictured  in  Fig.  40,  a,  can  be  used  in  the 
place  of  the  special,  calibrated  instrument  mentioned. 

Paratyphoid  Fever. — In  cases  of  so-called  paratyphoid  fever 
organisms  may  be  met  with  in  the  blood  which  apparency  occupy  a 
position  intermediate  between  the  typhoid  bacillus  and  the  organisms 
belonging  to  the  colon  group.  Collectively  they  are  spoken  of  as 
paratyphoid  bacilli,  though  the  question  whether  or  not  they  represent 
well-defined  species  has  not  been  definitely  settled. 

Cases  of  paratyphoid  fever  clinically  resemble  true  typhoid,  but 
are  on  the  whole  milder  in  their  course.  As  a  rule  the  serum  does 
not  react  with  the  typhoid  bacillus,  while  the  organism  which  appears 
to  be  pathogenic  in  the  individual  case  is  agglutinated  in  a  typical 
manner.  Unfortunately,  however,  the  serum  of  one  case  will  not 
always  react  with  the  organism  of  a  second  case;  so  that  the  serum 
reaction  will  not  always  make  it  possible  to  distinguish  the  inter- 
mediates as  a  group  from  typhoid  on  the  one  hand,  and  the  bacillus 
coli  on  the  other.'  Moreover,  it  has  been  shown  that  the  serum  of 
true  typhoid  may  agglutinate  the  paratyphoid  bacillus  in  higher 
dilutions  even  than  the  typhoid  bacillus,  although  this  is  probably 
not  usual  (Griinberg  and  Roily). 

The  paratyphoid  group  includes  Widal's  paracolon  bacillus, 
Gwyn's  bacillus,  Cushing's  bacillus  0,  Hewlett's  bacillus  6,  Noonan's 
bacillus,  SchottmuUer's  bacilli,  etc.  It  is  subdivided  into  two  groups, 
A  and  B,  of  which  B  causes  at  first  an  acid  reaction  in  litmus  milk, 
which  in  about  ten  days  changes  to  a  permanently  alkaline  reaction, 
while  group  A  causes  permanent  acidity.  Unlike  the  typhoid 
bacillus  the  paratyphoid  ferments  dextrose  with  the  formation  of 
gas.  The  intermediates  do  not  form  gas  in  lactose  nor  in  saccharose 
media.  On  potato  the  growth  is  slight  and  there  is  no  discoloration. 
They  do  not  ferment  milk  or  produce  indol. 

The  examination  of  the  blood  is  conducted  as  in  typhoid  fever, 
but  it  is  not  always  necessary  to  dilute  it  to  the  same  degree.  Some- 
times successful  cultivation  follows  the  spreading  of  a  few  c.c.  of 
blood  over  the  surface  of  agar  tubes  or  plates. 

*  Riidiger.  Jour.  Infect.  Die.,  1904,  vol.  i,  p.  236. 

'  This  only  holds  good  for  members  of  ttie  paracolon  group,  while  those  of 
the  paratyphoid  groups  interact  without  exception. 


166  THE  BLOOD 

Literature. — Gwyn,  Johns  Hopkins  Hosp.  Bull.,  1898,  voL  ix,  p.  54.  Gushing, 
ibid.,  1900,  vol.  xi,  p.  156.  Schottmiiller,  25eit.  f.  Hyg.,  1901,  vol.  xxxviii.  W.  B. 
Johnston,  Am.  Jour.  Med.  Sci.,  1902,  vol.  cxxiii,  p.  187  (analysis  of  all  cases  reported 
up  to  that  time).  A.  W.  Hewlett,  ibid.,  p.  200.  Coleman-Buxton,  ibid.,  1903,  vol. 
cxxiii,  p.  979.    See  also  AscoK,  Zeit.  f.  klin.  Med.,  1903,  vol.  xlviii,  p.  419. 

Pneumonia. — According  to  Rosenow  the  pneumococcus  can  be 
recovered  in  practically  all  cases  of  pneumonia,  providing  that  large 
quantities  of  blood  are  used.  He  does  not  think  that  their  presence 
indicates  an  especially  unfavorable  prognosis.  He  obtained  positive 
results  in  160  of  175  cases  with  a  mortality  of  40  per  cent. 

Positive  results  were  obtained  as  early  as  twelve  hours  after  the 
initial  chill  and  as  late  as  forty-eight  hours  after  the  crisis,  although 
negative  results  are  the  rule  after  crisis.  Pneumococci  were  also 
obtained  in  the  blood  smears  in  47  out  of  80  cases.  The  results  of 
other  modem  investigators  are  similar. 

Prochaska,  working  under  Eichhorst's  direction,  found  pneu- 
mococci in  the  blood  in  each  of  10  cases  examined,  and  in  a  sub- 
sequent series  of  40  cases,  of  which  7  were  fatal,  he  obtained  the 
pneumococcus  in  38. 

Frankel  states  that  according  to  his  experience,  which  is  based 
upon  an  examination  of  more  than  150  cases,  one  may  infer  that 
death  will  occur  either  with  the  symptoms  of  sepsis  or  that  metas- 
tasis will  take  place  in  the  internal  organs  whenever  a  larger  number 
of  colonies  develop  on  spreading  1  c.c.  of  blood  upon  a  plate  of 
agar.  If,  however,  the  number  is  so  small  that  it  is  necessary  to 
take  larger  amounts  of  blood  to  demonstrate  their  presence  and  to 
grow  them  in  bouillon  instead  of  on  agar,  so  as  to  eliminate  the  bac- 
tericidal power  of  the  blood  altogether,  then  Frankel  believes  their 
presence  is  of  no  significance,  and  does  not  warrant  a  fatal  progno- 
sis. In  the  latter  case  he  has  found  that  the  bacteria  are  frequendy 
avimlent. 

The  examination,  which  should  be  repeated  every  day,  if  necessary, 
is  conducted  as  follows:  After  disinfection  of  the  arm  in  the  usual 
manner  10  c.c.  of  blood  are  aspirated  and  agar  tubes — ^liquefied  at 
40°  C. — inoculated,  each  with  1  or  more  c.c.  of  the  blood.  Plates  are 
then  prepared  and  kept  at  a  temperature  of  from  35°  to  37°  C.  The 
colonies  appear  as  small,  round,  grayish,  jelly-like  drops,  which  are 
quite  characteristic. 

Rosenow  finds  that  the  best  results  are  obtained  with  blood  agar. 
Upon  this  the  pneumococci,  especially  when  very  virulent,  produce 
a  hemolytic  zone  which  is  greenish  in  color.  This  phenomenon, 
according  to  Schottmuiiller,  may  serve  to  distinguish  the  pneumococcus 
from  streptococci,  which  cause  hemolysis  without  pigment  production. 

Instea(i  of  agar,  bouillon  may  also  be  employed,  and  it  is  quite 
likely,  as  Prochaska  suggests,  that  in  this  manner  positive  results 
may  be  more  frequently  obtained.  Cole  recommends  the  use  of 
sterile  litmus  milk,  of  which  portions  of  150  c.c.  each  are  employed 
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in  Erlenmeyer  flasks.  Early  acidification  and  coagulation  occur, 
and  it  b  thus  possible  to  determine  more  readily  and  quickly  whether 
growth  has  taken  place.  Smears  are  then  made  and  examined  for 
capsules  (see  below).  The  identity  is  established  by  the  characteristic 
shape  and  staining  reactions  of  the  organism,  including  the  staining 
of  the  capsules,  by  the  typical  growth  in  milk  and  agar,  and  by  the 
absence  of  growth,  or  very  slight  growth,  in  gelatin  at  ordlnaiy  room 
temperature.  Especially  characteristic,  further,  is  the  fermentation 
of  inulin  by  the  pneumococcus.  To  this  end  serum  water  containing 
inulin  is  used  as  recommended  by  Hiss. 

The  individual  organism  {Fig,  41)  is  capsulaled,  and  usually 
occurs  in  pairs,  arranged  end  to  end  or  in  short  chains.  At 
times,  however,  the  chains  are  quite  long,  and  then  it  may  be  difficult 


Fio.  41.— PneumococGua,  slroiTlag  npaula. 


to  distinguish  it  from  streptococci.  It  is  easily  stained  with  the  com- 
mon aniline  dyes.  In  onler  to  differentiate  the  capsule,  the  method 
su^ested  by  Epstein  (see  Sputum)  should  be  employed.  It  should 
be  remembered  that  capsules  are  only  demonstrable  in  specimens 
obtained  from  milk  or  blood-serum  cultures,  while  they  are  not 
shown  in  growths  obtained  from  agar  or  bouillon. 

Agglotlnation.— According  to  Rosenow  pneumococcic  serum  in- 
variably agglutinates  the  pneumococcus  with  a  maximum  dilution  of 
1  to  40  or  I  to  50.  With  rabbit-immune  serum  and  using  his  serum- 
water  medium  for  the  growth  of  the  organism,  Hiss  obtained  a^luti- 
nation  with  dilutions  up  to  800  and  over. 

LrrERATURB.— CioldBcheider,  Deutsch.  nied.  Woeh.,  1S92,  No.  14.  KLttmann, 
DeutHch,  Arch.  f.  klin.  Med.,  1894,  vol.  liii,  p.  323.  Kuhnau,  Zeit.  f.  Hyg..  1S97, 
vol.  XXV.  Kohn,  EJcutsch.  med.  Woeh.,  1897,  p.  136.  James  and  Tuttle,  N.  Y. 
iVsbvteritta  Honp.  Rep.,  vol.  ii],  p.  44.  Selto,  Zeit.  f.  klin.  Med.,  1898,  vol. 
TXKVi'  White,  Jour,  of  Exper.  Med.,  1899,  vol.  ii.  Silvestrini  and  Sertoli, 
Kiforma  Med.,  1899,  No.  110.    Abstr.  in  Cciitmlbl.  f.  inn.  Med.,  1899,  vol.  ^xi. 


168  THE  BLOOD 

R.  Cole,  Johns  Hopkins  Hosp.  Bull.,  1902,  vol.  xiii,  p.  236.  Prochaska,  Gentralbl. 
f.  gen.  Med.  1900,  No.  46.  Prochaska,  Deutsch.  Arch.  f.  klin.  Med.,  vol.  Ixx,  p. 
559.  Frankel,  Deutsch.  med.  Woch.,  1901,  V.  B.,  p.  212.  Rosenow,  Jour. 
Amer.  Med.  Assoc,  1905,  No.  2,  p.  851;  Jour.  Infect.  Dis.,  March,  1904. 

Pyogenic  Bacteriemia.  Technique.^— The  general  technique  is  the 
same  as  that  described  before,  but  large  amounts  of  blood  are  advised, 
viz.,  20  to  25  c.c.  The  media  which  are  commonly  employed  are  the 
ordinary  laboratory  media;  in  addition  Libman  has  suggested  the 
use  of  serum-glucose  agar  and  serum-glucose  bouillon.  He  has 
pointed  out  that  on  these  media  the  growth  of  most  bacteria  is  more 
marked  and  more  rapid  than  on  ordinary  serum  agar.  This  is  true 
especially  of  the  streptococcus,  the  pneumococcus,  the  gonococcus, 
and  the  meningococcus.  With  the  solid  media  plates  are  employed 
almost  altogether  to  the  exclusion  of  media  in  tubes;  2  to  3  c.c.  of 
blood  are  used  for  15  to  20  c.c.  of  the  solid  media. 

The  number  of  organisms  which  may  be  found  in  the  blood  in 
septic  conditions  is  exceedingly  variable.  On  the  one  hand,  but  one 
plate  or  flask  out  of  several  may  show  any  growth,  and  then  only 
after  several  days;  while,  on  the  other  hand,  the  number  of  organ- 
isms may  be  quite  large.  Cole  has  reported  a  case  of  streptococcus 
septicemia  in  which  the  number  of  organisms  amounted  to  3642 
per  cubic  centimeter  of  blood  six  days  before  death,  and  then  rose 
to  10,716  per  cubic  centimeter  two  days  before  death.  I  have  seen 
a  case  of  meningococcus  septicemia  in  which  the  organisms  numbered 
7,380,000  per  cubic  centimeter  just  before  death. 

The  time  before  death  at  which  organisms  may  be  found  in  the 
blood  is  also  quite  variable;  sometimes  they  may  be  demonstrable 
a  month  before,  in  other  cases  only  a  day  or  two  before  the  fatal 
issue. 

(a)  Staphylococcus  Bacteriemia. — Staphylococcus  bacteriemia  is  more 
common  than  was  formerly  supposed.  The  variety  usually  seen  is 
the  Staphylococcus  aureus.  The  albus  is  rare.  Libman  states  that 
the  latter  plays  an  insignificant  role  in  systemic  infections;  that  in 
several  years  he  has  not  met  with  a  single  instance  in  which  he  could 
ascribe  a  systemic  infection  to  the  Staphylococcus  albus.  He  draws 
attention  to  the  fact  that  the  pigment  production  in  the  aureus  may 
be  delayed  and  that  some  of  the  positive  albus  cases  recorded  in  the 
literature  may  in  reality  have  l)een  aureus  cases  of  this  kind.  He 
accordingly  recommends  that  an  apparent  albus  be  observed  for  five 
days  and  grown  upon  potato  and  serum  agar  before  the  diagnosis  is 
made  (glucose  interferes  with  pigment  production).  Staphylococcus 
citreus  also  is  very  rare. 

Of  the  28  positive  findings  in  Libman's  large  series  of  blood  cultures 
many  were  instances  of  osteomyelitis,  some  were  secondary  to  furun- 
cles or  cellulitis,  others  were  cryptogenetic,  and  2  referable  to  post- 
partum infection  (rare).  All  these  were  aureus  cases.  The  only 
positive  albus  cases  were  obtained  within  fortj'-eight  hours  before 
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death;  Ljbman  looks  upon  these  as  agonal  invasions.  The  Staphy- 
lococcus citreus  was  isolated  once  in  a  case  of  osteomyelitis. 

F.  Meyer  and  Michaelis  and  others  report  having  found  pus 
organisms  in  a  large  percentage  of  cases  of  advanced  phthisis.  This 
is  denied  by  Jochmann,  excepting  as  agonal  infections. 

The  Staphylococcus  pyogenes  aureus  occurs  in  the  form  of  spheri- 
cal bodies,  averaging  about  0.8  n  in  diameter,  which  readily  stain 
with  the  basic  aniline  dyes,  as  also  with  Gram's  method.  They 
usually  occur  in  clumps,  but  may  also  be  seen  in  pairs  and  in  short 
chains.  The  organism  grows  on  all  culture  media,  and  in  the  pres- 
ence of  oxygen  ^ves  rise  to  the  formation  of  an  orange-yellow  pig- 
ment. Gelatin  is  rapidly  liquefied;  it  coagulates  milk  with  aeid 
reaction  and  clouds  bouillon.  The  Siapkytococcus  pyogenes  albvs 
and  cUrcus  differ  from  the  aureus  by  the  absence  of  pigment  in  the 
6rst  and  by  the  formation  of  a  lemon-yellow  p^ment  in  the  second. 


(PnnkeL) 


(6)  Strqrtocoecas  Bwtariemla. — In  the  large  series  of  blood  cultures 
reported  by  Libman  streptococci  were  isolated  in  58  cases.  Strepto- 
coccus bacteriemia  is  thus  more  common  than  staphylococcuft  bacteri- 
emta.  Some  were  instances  of  terminal  infections,  or  infections  aris- 
ing from  the  tonsils,  the  ears,  and  mastoid  processes,  or  the  genito- 
urinary tract  (abortion  and  postpartum  infections),  while  in  others 
infections  were  referable  to  wounds,  and  still  others  were  cryptogenetic. 
Some  cases  were  characterized  by  joint  or  bone  lesions.  Endocar- 
ditis was  frequent.  One  was  a  case  of  eiythema  nodosum.  In  several 
cases  of  mild  acute  endocarditis,  following  what  clinically  appeared 
to  be  epical  articular  rheumatism,  Libman  found  attenuated  strepto- 
cocci.   They  could  be  demonstrated  during  extended  periods  of  time. 

Streptococci  have  also  been  found  in  the  blood  in  advanced  cases  of 
phthisis  (probably  as  agonal  invasions). 

Hektoen  has  pointed  out  that  in  scarlatina  streptococci  may  be 
found  in  the  blood  during  life  in  at  least  18  per  cent,  of  all  cases. 
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I  append  his  conclusions:  Streptococci  may  occasionally  Jt»e  found 
in  the  blood  of  scarlet-fever  cases  that  run  a  short,  mild,  and  uncompli- 
cated clinical  course.  They  occur  with  relatively  greater  frequency 
in  the  more  severe  and  protracted  cases  of  the  disease,  in  which  there 
may  also  develop  local  complications  and  clinical  signs  of  general 
infection,  such  as  joint  inflammations;  but  even  in  the  grave  cases 
of  this  kind  spontaneous  recovery  may  take  place.  In  fatal  cases 
streptococci  may  not  be  demonstrable.  The  theory  that  scarlet  fever 
is  a  streptococcus  disease  thus  does  not  seem  to  receive  direct  support 
from  these  investigations. 

In  diphtheria,  measles,  and  smallpox  infection  with  streptococci  is 
also  not  uncommon.  Other  organisms  may,  however,  also  be  met 
with,  such  as  the  various  staphylococci,  and  quite  commonly  also, 
according  to  Jehle,  the  bacillus  of  influenza. 

The  Streptococctis  pyogenes  (Fig.  42)  -occurs  in  chains  of  spherical 
cocci  which  usually  vary  from  four  to  twenty  in  number.  The  size 
of  the  individual  organism  is  somewhat  greater  than  that  of  the 
staphylococcus,  but  may  vary  even  in  one  and  the  same  chain.  It 
is  readily  stained  with  the  basic  aniline  dyes  and  also  with  Gram's 
method.  It  grows  on  all  culture  media  at  the  temperature  of  the 
room,  forming  small,  gray,  granular  colonies  on  agar  and  gelatin. 
Unlike  the  pneumococcus  it  does  not  ferment  inulin  media.  As 
a  rule,  it  does  not  liquefy  gelatin,  and  it  may  or  may  not  coagulate 
milk  and  cloud  l>ouillon.  Several  varieties  are  recognized,  viz., 
Strepiocwcus  brevis,  which  forms  short  chains;  Streptococcus  longus, 
which  occurs  in  long  chains;  streptococci,  which  render  bouillon 
cloudy,  and  those  which  do  not;  streptococci,  which  form  flocculent, 
sandy,  scalv,  or  viscous  sediments. 

The  Sirepiococciut  conglomrraius  grows,  Without  clouding  bouillon, 
in  the  form  of  dense,  separate  particles,  scales,  or  thin  mebmranes 
at  the  bottom  and  sides  of  the  tube,  and  on  shaking  the  sediment 
it  l)reaks  up  into  little  specks,  without  producing  uniform,  diffuse 
cloudiness.  The  chains  are  long  and  inter^'oven  in  conglomerate 
mcosses  (Welch). 

(c)  Non-pneumonic  Pneumococcus  Bacteriemia. — In  Libman's  series, 
apart  from  the  pneumonia  cases,  pneumoc*occi  were  found  only 
four  times.  Twice  there  was  an  acute  endocarditis  of  unknown 
source,  once  there  was  an  infection  between  two  toes,  and  once  there 
was  a  suppurating  ethinoiditis  and  frontal  sinusitis,  with  abscess. 
Other  observers  have  found  the  organism  in  cases  of  biliary  abscess 
at  the  time  of  the  chill,  in  suppurative  oophoritis,  in  peritonitis, 
etc.  It  is  interesting  to  note  in  this  connection  that  Libman  obtained 
only  negative  results  in  25  cases  of  peritonitis,  and  also  in  a  series  of 
25  cases  of  appendicitis,  some  of  which  were  very  severe. 

(d)  Bacterium  Proteus  Bacteriemia. — Libman  reports  a  case  of 
uremia  in  which  the  proteus  was  found  one  day  before  death, 
together  with  strt*pt(KMK'ci. 
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{e)  Colon  BacilliiB  Bacteriemia. — ^The  colon  bacillus  also  is  rarely 
found  in  the  blood.  Libman  mentions  a  case  in  which  it  was 
demonstrated  where  the  operation  of  internal  urethrotomy  had 
been  performed.  An  interesting  case  is  also  reported  by  Rochester 
(see  literature  below). 

(/)  Paracolon  Bacteriemia. — ^Aside  from  those  cases  in  which  para- 
colon bacilli  have  been  found  in  so-called  paratyphoid  fever,  para- 
colon bacteriemia  is  very  rare.  Libman  and  Berg  report  one  case 
which  clinically  resembled  cholecystitis. 

{g)  Bacilliis  Pyocyanena  Bactaiemia. — ^The  Bacillus  pyocyaneus 
is  rarely  found  in  the  blood.  Libman  and  Brill  report  a  case  in  which 
it  occurred  secondarily  to  a  Staphylococcus  aureus  bacteriemia. 

{h)  Gonococcos  Bacteriemia. — Cases  of  gonorrheal  septicemia  in 
which  the  gonococcus  was  isolated  from  the  blood  of  the  patients 
during  life  have  been  reported  by  Thayer-Blumer,  Thayep-Lazear, 
Byelogoway,  Wilson,  Harris-Johnston,  and  others.  In  all  these  cases 
gonorrheal  endocarditis  existed.  In  other  infections  of  the  same 
nature  positive  results  were  obtained  by  Ahmann,  Colombini,  Panichi, 
and  Unger,  in  association  with  polyarthritis,  epididymitis,  myositis, 
tendovaginitis,  inguinal  bubo,  and  parotitis.  In  the  endocarditis 
cases  cultures  were  obtained  after  an  illness  lasting  for  from  five 
weeks  to  seven  months,  at  times  as  early  as  the  ninth  to  the  eleventh 
day  preceding  death,  and  on  an  average  five  days  before  death. 

To  cultivate  the  gonococcus  from  the  blood  during  life,  it  is  neither 
necessary  to  use  a  large  amount  of  blood  nor  to  dilute  it  greatly, 
nor  to  employ  any  specially  prepared  medium.  From  2  to  5  c.c.  are 
sufficient.  Accoiding  to  Harris  and  Johnston,  it  is  more  advan- 
tageous to  mix  the  blood  with  melted  agar  and  to  plate  the  same 
than  to  use  fluid  media  where  the  oxygen  supply  is  more  restricted. 

(For  a  description  of  the  organism,  see  Gonorrheal  Pus.) 

Literature. — N.  M.  Harris  and  W.  B.  Johnston,  "  GonoiTha?al  Endocarditis 
with  Cultivation  of  the  Specific  Orj^nism  from  the  Blood  during  Life/'  Johns 
Hopkins  Hosp.  Bull.,  1902,  vol.  xiii,  p.  236  (literature).  Thayer  and  Blumer, 
ibia.,  1896,  vol.  vi,  p.  59.     Thayer  and  Lazear,  Jour.  Exper.  Med.,  vol.  iv,  p.  81. 

(i)  Mkrococciui  Zsrmogenes  Bacteriemia. — ^This  organism  is  appar- 
ently closely  related  to  the  Pneumococcus  and  the  Streptococcus 
pyogenes.  It  has  been  isolated  from  the  blood  in  one  instance 
by  MacCallum  and  Hastings. 

(Jc)  MeningococciiB  Bacteriemia. — In  several  instances  of  meningo- 
coccus meningitis  the  corresponding  organism  has  been  isolated  from 
the  blood.  In  one  case  I  found  7,380,000  diplococci  per  cubic 
centimeter.  The  organisms  could  be  demonstrated  in  large  num- 
bers direcdy  in  the  blood  smear.  Almost  all  were  enclosed  in  polynu- 
clear  neutrophiles  and  in  large  mononuclear  elements. 

Endocarcutis. — ^In  acute  endocarditis  or  in  acute  exacerbations 
of  chronic  cases  bacteriemia  is  fairly  common.     licnhartz  obtained 
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positive  results  intra  vitam  in  16  cases  out  of  28,  and  Libman  states 
that  in  cases  of  acute  ulcerative  endocarditis  he  has  always  found 
organisms  in  the  blood.  The  organisms  which  have  been  encountered 
are  the  Staphylococcus  aureus,  streptococci,  pneumococci  and  the 
gonococcus.  Of  these  the  streptococcus  cases  are  the  most  conunon, 
while  the  staphylococcus  comes  next  in  order.  Pneumococcus  and 
gonococcus  endocarditis  is  relatively  uncommon.  Libman  remariu 
that  there  is  often  a  marked  disproportion  between  the  number  of 
bacteria  in  the  blood  and  the  extent  of  the  lesion.  There  may  be  an 
almost  countless  number  in  the  blood  and  only  very  small  deposits  on 
the  valves,  or  there  may  be  large  vegetations  with  hardly  any  bacteria 
in  the  blood.    As  a  rule  they  are  present  in  fair  numbers. 

In  a  series  of  10  cases  of  mild  acute  endocarditis  following  what 
clinically  appeared  to  be  typical  articular  rheumatism  Libman 
could  demonstrate  attenuated  streptococci  and  diplococci  during 
extended  periods  of  time. 

Prognosis  in   Pyogenic    Bacteriemia.— The   prognosis  in  the 

pyogenic  bacteriemias,  aside  from  other  considerations,  is  upon 
the  whole  unfavorable;  recoveries,  however,  are  possible.  Each 
individual  case  must  be  judged  separately.  In  Libman's  series 
of  50  cases  of  streptococcemia  there  were  6  recoveries  (11  per  cent); 
of  28  cases  of  staphylococcemia  8  recovered  (nearly  29  per  cent.); 
of  his  4  pneumococcus  cases  1  recovered.  Leaving  out  the  few 
pneumococcus  cases  there  would  be  86  cases  with  16  per  cent 
recoveries. 

In  Bertelsmann's  series  of  48  cases  of  surgical  bacteriemia  21 
recovered,  viz.,  43  per  cent. ;  of  these  there  were  28  streptococcus  cases 
with  19  recoveries  and  13  staphylococcus  cases  with  4  recoveries. 

In  Lenhartz's  series  of  77  medical  cases  (including  several  post- 
partum infections),  there  were  17  recoveries;  of  these  there  were  47 
streptococcus  cases  with  6  recoveries  and  13  staphylococcus  cases  with 
1  recovery. 

Literature. — F.  W.  White,  "Cultures  from  the  Blood  in  Septicemia,  Pneu- 
monia,  Meningitis,  and  Chronic  Diseases,"  Jour.  Exper.  Med.,  vol.  iv,  p.  425. 
Petnischky,  &\t.  f.  Hyg.,  vol.  xvii,  p.  59.  Sittmann,  Deutsch.  Arch.  t.  klin. 
Med.,  vol.  liii,  p.  323.  Canon  Deutsch.  Zeit.  f.  Chir.,  vol.  xxxiii,  p.  571;  and 
Mitth.  aus  d.  Grenzgeb.  d.  Med.  u.  Chir.,  1902,  vol.  x,  p.  41.  Lenhartz,  Miinch. 
med.  Woch.,  1901,  Nos.  28  and  29.  Libman,  Proc.  N.  Y.  Path.  Soc,  1903,  vol. 
iii,  pp.  5  and  57;  "On  Certain  Features  of  the  Growth  of  Bacteria,"  etc.,  Jour 
Mea.  Research,  1901,  vol.  vi.  Cole,  Johns  Hopkins  Hosp.  Bull.,  1902,  vol.  xiii, 
p.  252.  \Vm.  Welch,  "Morbid  Conditions  Caused  by  the  Bacillus  Aerogenea 
Capsulatus,"  ibid.,  1899,  vol.  x,  p.  134.  Gwyn,  ibid.,  1900,  vol.  xi,  p.  185 
(first  case);  Cole,  ibid.,  1902,  vol.  xiii,  p.  234  (second  case).  Hektoen,  Jour. 
Amer.  Med.  Assoc,  1903,  vol.  xl.  No.  11.     Jehle,  Zeit.  f.  Heilk.,  1901,  vol.  xxii, 

J.  190.     Ewing,  Trans.  Amor.  Assoc.  Phys.,  1902,  vol.  xvii,  p.  208.     D.  Rochester, 
our.  Amer.  Med.  Assoc,  March  2, 1907.    C.  E.  Simon,  Meningococcus  Septicaemia, 
Johns  Hopkins  Hosp.  Bull.,  1907. 

Anthrax. — ^The  bacillus  of  anthrax,  as  first  pointed  out  by 
PoUender,    Brouell,   and   Davaine,  is  frequently   met   with   in   the 
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blood  in  the  corresponding  disease.  As  a  rule  the  number  is  small. 
Smears  are  stained  for  five  to  ten  minutes  in  a  mixture  of  30  c.c.  of  a 
concentrated  alcoholic  solution  of  methylene  blue  and  100  c.c.  of 
a  1  to  10,000  solution  of  potassium  hydrate;  they  are  then  washed  for 
five  to  ten  seconds  in  0.5  per  cent,  acetic  acid,  washed  with  alcohol 
and  dried.  Thus  stained,  the  bacilli  appear  as  rods  measuring  from 
5  to  12  /i  in  length  by  1  fi  in  breadth,  and  usually  present  a  segmented 
appearance,  the  extremities  being  slightly  thickened.  Under  suit- 
able conditions  spore  formation  takes  place.  When  present  in  large 
numbers  it  is  not  necessary  to  stain  the  blood,  as  the  organism  can 
then  be  seen  without  difficulty  in  the  wet  specimen. 

In  doubtful  cases,  in  which  a 
microscopic  examination  of  the 
blood  yields  negative  results,  a 
few  cubic  centimeters  may  be 
injected  into  a  mouse  or  a 
guinea-pig,  in  the  blood  of 
which  the  bacilli  will  soon  be 
found  in  enormous  numbers  if 
the  disease  is  anthrax. 

McFadyean  has  described  a 
color  reaction  of  anthrax  blood 
which  seems  to  be  pathogno- 
monic of  the  disease.  Smears 
are  prepared  as  usual  and, 
when  air-dry,  fixed  by  heat — 
until  the  slide  has  become  a  fio.  43. 
little  too  hot  to  be  held  against 
the  skin.  On  cooling  the  specimens  are  stained  for  a  few  seconds 
with  a  1  per  cent,  aqueous  solution  of  methylene  blue  (medicinal  of 
Merck),  or  with  one  of  Grubler's  methylene  blues,  modified  by 
boiling  with  A  per  cent,  of  sodium  bicarbonate.  After  washing 
with  distilled  water  they  are  dried  with  filter  paper,  subsequently 
by  heat,  and  mounted  in  balsam.  Anthrax  blood  then  shows  a 
distinct  reddish  or  purplish  tone,  especially  when  held  against  the 
light,  while  other  blood  appears  pure  blue  or  greenish  blue. 

Microscopic  examination  of  the  amorphous  intercellular  material 
shows  the  same  result. 

According  to  Heim,  who  has  described  the  same  reaction  inde- 
pendently of  McFadyean,  the  color  change  is  due  to  mucin  derived 
from  the  capsules  of  the  bacteria. 


-Anthrax  bacillus.     X  900  diameters. 
Agar  culture.     (Park.) 


1855 


LfTBRATURE. — Pollendcr,  Casper's  Vierteljahrsch.  f.  gerichtl.  u.  6fFenll.  Med., 
55,  vol.  \'iu,  p.  103.     Brauell,  Virchow's  Archiv,  vol.  xi,  p.  132,  and  vol.  xiv, 


p.  32.  Davaine.  Compt.-rend.  de  I'Acad.  d.  Sci.,  vol.  Ivii,  p.  220.  Blumer  and 
Vounff,  Johns  Hopkins  Hosp.  Bull.,  1885,  p.  127.  McFaydean,  Jour.  Comp. 
Pathol,  and  Therap.,  March  and  December,  1903.  Heim,  Miinch.  med.  Woch., 
1904,  No.  10. 
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Tuberculosis. — ^In  acute  tuberculosis  tubercle  bacilli  have  repeatedly 
been  observed  in  the  blood;  but  the  search  for  them  is  most  tedious 
and  often  in  vain.  Nevertheless  a  carcful  examination  of  the  blood 
is  indicated  in  doubtful  cases;  but  only  a  positive  result  is  of  value. 

According  to  Liebmann,  the  tubercle  bacilli  are  most  numerous 
in  the  blood  about  twenty-four  hours  after  the  injection  of  tuberculin. 
Working  in  this  manner  he  claims  to  have  obtained  positive  results 
in  «56  cases  of  141.  As  a  rule  it  is  best  to  resort  to  the  animal 
experiment. 

For  methods  of  staining  and  a  description  of  the  tubercle  bacillus, 
the  reader  is  referred  to  the  chapter  on  Sputum. 

Literature. — Liebmann,  Berlin,  klin.  Woch.,  1891,  p.  393.  Krdnig,  Deutsch. 
med.  Woch.,  1894,  vol.  v,  p.  42. 

Leprosy. — ^In  leprosy  the  corresponding  bacilli  have  been  found  in 
the  blood  by  Mitsuda.^    Their  demonstration,  however,  is  difficult. 

OlsJlders. — In  glanders  the  sp^ific  bacillus  is  constantly  present 
in  the  blood,  and  may  be  demonstrated  by  staining  dried  preparations 
for  five  minutes  with  a  concentrated  alcoholic  solution  of  methylene 
blue  mixed  with  an  equal  volume  of  a  1  to  10,000  solution  of  potassium 
hydrate  just  before  using.  From  this  mixture  the  specimen  is  passed 
for  a  second  or  two  into  a  1  per  cent,  solution  of  acetic  acid  which  has 
been  tinged  a  faint  yellow  by  the  addition  of  a  little  tropeolin  00  solu- 
tion; it  is  then  decolorized  by  washing  in  water  containing  2  drops 
of  concentrated  sulphuric  acid  and  1  drop  of  a  5  per  cent,  solution  of 
oxalic  acid  for  each  10  c.c.  In  specimens  thus  stained  the  bacilli 
appear  as  short  rods  measuring  from  2/i  to  3/i  in  length  by  0.3;/  to  0.4// 
in  breadth,  often  containing  a  spore  at  one  end. 

LiTERATruE. — Duval,  Arch,  de  m(5d  cxp^r.,  1896,  p.  361. 

Influenza. — The  influenza  l)acillus  has  been  found  in  the  blood 
occasionally,  but  is  more  readily  demonstrated  in  the  sputum.  Jehle 
found  it  in  22  cases  of  scarlatina  out  of  48  that  ended  fatally,  in 
measles  15  times  out  of  23,  and  in  5  cases  of  varicalla  out  of  9. 
In  Hektoen\s  series,  on  the  other  hand,  the  organism  was  not  found; 
but  it  is  noted  that  during  the  year  influenza  was  not  especially 
prevalent  in  Chicago.  (For  a  description  of  the  organism  see  the 
Sputum.) 

LiTERATi'itE.  — ranon,  Virchow's  Archiv,  vol.  cxxxi,  p.  401.  Klein,  Baumgar- 
ten's  Jahresh.,  1893,  p.  2()().     Kiihnau,  Zeit.  f.  llyg.,  vol.  xxv,  p.  492. 

Malta  Fever. — In  ^Mediterranean  or  Malta  fever  the  specific 
organism,  the  Micrococcus  meliiensijt  (Bnice),  has  been  isolated 
from  the  bUxxl  during  life.  It  is  said  to  he  present  in  the  peripheral 
blood  in  all  cases  during  the  early  stages  and  in  severe  febrile  relapses. 

*  Folia  ha>inatol.,  vol.  i,  p.  502. 
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In  the  afebrile  intervals  and  the  subsequent  cachexial  stage  it  is  not 
demonstrable.  In  no  case  are  the  organisms  abundant,  and  for  this 
reason  the  bacteriological  findings  are  rather  uncertain. 

Diagnosis  is  facilitated  by  the  fact  that  a  well-pronounced  agglutina- 
tion is  obtained  with  the  patient's  serum.  A  positive  reaction  with  a 
dilution  of  more  than  1  to  20,  according  to  Birt  and  Lamb,  may  be 
regarded  as  proof  positive  of  the  existence  of  the  disease.  As  a 
rule  agglutination  can  still  be  obtained  with  a  dilution  of  from  1  to  600 
to  1  to  700.  It  begins  about  the  fifth  day  of  the  disease,  and  gradually 
diminishes  in  intensity  during  convalescence,  but  may  persist  for  a 
year  and  a  half  and  even  longer. 

The  organism  in  question  is  a  coccus,  measuring  0.3  fi  in  diam- 
eter, and  occurs  singly,  in  pairs,  and  sometimes  in  fours.  Longer 
chains  are  not  seen.  It  is  motile.  It  is  stained  by  the  usual  dyes 
and  grows  on  nutrient  agar  and  in  broth.  The  colonies  are  usually 
not  visible  until  the  third  day.  At  first  their  color  is  that  of  a  trans- 
parent amber,  while  later  they  are  opaque.  Liquefaction  does  not 
occur. 

Literature. — C.  Birt  and  G.  Lamb,  "  Mediterranean  Fever,"  Lancet,  Sept.  9, 
1899.  Wright  and  Smith,  Brit.  Med.  Jour.,  April  10,  1907.  Musser  and  Sailer, 
Phila.  Med.  Jour.,  1898,  p.  1408,  and  1899.  p.  89.  R.  P.  Strong  and  W.  E. 
Musgrave.  "The  Occurrence  of  Malta  Fever  in  Manila,"  Phila.  Med.  Jour.,  1900, 
p.  996.     J.  J.  Curry,  "Malta  Fever,"  Jour.  Med.  Research,  July,  1901. 

Babonic  Plaj^e. — ^In  advanced  cases  of  bubonic  septicemia 
the  specific  organism  may  be  found  in  the  blood  in  small  numbers. 
Toward  the  end  of  rapidly  fatal  cases  they  become  more  numerous, 
and  may  then  be  demonstrable  directly  with  the  microscope.  Accord- 
ing to  Bell^  the  bacilli  can  be  found  in  all  cases  and  at  all  stages  of 
the  disease  by  using  Ross'  dehemoglobinizing  method  (p.  177). 

The  organism  in  question,  the  Bacillus  pestis  (Kitasato, 
Yersin),  is  a  short,  thick  coccobacillus,  with  rounded  ends,  measur- 
ing 1.5  //  to  1.75  /Jt  in  length  by  0.5  //  to  0.7  /i  in  breadth.  Examined 
in  the  hanging  drop  it  is  devoid  of  automobility.  The  polar  regions 
are  readily  stained,  while  the  interpolar  area  remains  colorless.  In 
many  organisms  a  capsule  can  be  made  out  by  appropriate  methods, 
but  it  is  apparently  not  a  constant  feature.  Oftentimes  the  form 
of  the  organism  deviates  from  the  normal.  It  may  thus  resemble 
a  coccus  on  the  one  hand,  while  on  the  other  it  appears  more  elon- 
gated, and  again  it  is  common  to  meet  with  distorted  and  swollen, 
vacuolated  forms,  which  are  interpreted  as  involution  or  degeneration 
forms.  These  latter  are  especially  numerous  in  older  cases  and  old 
cultures.    The  organism  is  decolorized  by  Gram  (Fig.  44). 

The  blood  smears  are  fixed  by  immersion  in  absolute  alcohol 
for  twenty-five  minutes;  or  they  are  covered  with  absolute  alcohol 
for  about  one-half  minute,  when  the  alcohol  is  burned  off.     For 

»  Brit.  Med.  Jour.  March  5,  1904. 
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staining  purposes,  borax  methylene  blue  (a  solution  of  2  per  cent 
methylene  blue  in  5  per  cent,  borax-water)  or  Loffler's  alkaline 
methylene  blue  may  be  conveniently  employed.  In  the  first  in- 
stance we  stain  for  one-half  minute,  in  the  second  for  two  to  three 
minutes.     The  polar  staining  is  in  this  manner  quite  satisfactory. 

On  gelatin  and  agar  containing  2.5  to  3.5  per  cent  of  salt  and  in 
bouillon  a  fairly  characteristic  growth  resulte.  In  the  case  of  the 
agar  involution  forms  are  obtained,  among  which  long,  slender 
bacilli,  which  are  segmented  and  present  a  vacuolated  appearance, 
are  especially  noteworthy.  In  this  state  they  stain  quite  tmdiy  and  ■ 
have  lost  a  certain  degree  of  their  virulence.  In  bouillon  the  or- 
ganism often  forms  long  chains  of  well-rounded  bodies  which  are 


Fio.  U.-  Plague  bacilli  trom  Agar  cuRure.    x  UOO  dluueten.    (Puk.) 

quite  similar  to  a  coccus.  During  its  growth  in  bouillon  it  forms 
flakes  or  flocculi,  which  rapidly  sink  to  the  bottom  of  the  tube, 
leaving  the  li({uid  clear  above.  Stalactite  or  stalagmite  formations 
may  also  l)e  seen,  starting  from  the  walls  of  the  tubes  or  from  sus- 
pended droplets  of  oil  or  butter.  Colonies  on  gelatin  about  thirty- 
six  hours  old  are  warty,  strongly  refractive  formations,  which  often 
present  a  delicate,  irregularly  indented  margin.  Even  after  twenty- 
four  hours  one  can  obtain  smears  in  which  50  to  100  bacilli  are 
grouped  in  little  colonies  of  irregular  form,  while  examination  of  the 
plates  with  a  magnifying  power  of  60  diameters  reveals  scarcely  any 
growth.  The  organism  does  not  liquefy  gelatin.  The  optimum 
temperature  for  growths  is  between  25"  and  30"  C. 

LiTBBATiiRE, — For  Kiloeato's  report  see  .^miiial  Rep.  of  the  U,  S.  Marine- 
Hospital  Seirice  for  1804;  W.  Wvraan.  Bubonic  Plapie;  U,  S,  Treasury  Dejit., 
1900.     KoBBel  u.  Overl>eck,  Arb.  aus.  d.  Kais.  Geaundlieitsamt.,  1901,  vol,  xviii. 
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Malaria. — Malarial  fever  is  referable  to  infection  with  a  specific 
protozoan  parasite  belonging  to  the  class  of  hematozoa,  representa- 
tives of  which  are  found  in  the  blood  of  various  animals,  such  as  the 
rat,  frog,  turtle,  carp,  various  birds,  etc.  Three  varieties  are  known 
to  occur  in  the  blood  of  man,  viz.,  the  parasite  of  tertian,  quartan, 
and  estivo-autumnal  fever.  The  life  history  of  these  organisms  is 
now  well  understood,  and  it  is  known  that  in  addition  to  the  intra- 
corporeal  cycle  of  development  which  takes  place  in  the  human  body 
there  is  yet  another,  an  extracorporeal  cycle,  which  occurs  in  certain 
mosquitoes  of  the  genus  Anopheles.  Infection  occurs  through  the 
bites  of  such  mosquitoes,  which  themselves  have  been  infected  by 
sucking  the  blood  of  malarial  patients.  This  has  been  abundantly 
demonstrated  by  Ross,  Manson,  Grassi,  and  others,  and  may*  be 
regarded  as  an  established  fact. 

Method  of  Examination. — When  the  patient  is  direcdy  available  at 
the  laboratory,  or  if  a  few  hours  only  need  elapse  before  the  examina- 
tion is  made,  wet  mounts  may  be  used,  which  are  best  ringed  with  a 
little  vaselin  or  paraflSn,  if  they  cannot  be  examined  at  once.  Other- 
wise dry  mounts  are  prepared  and  stained  with  the  eosinate  of  methy- 
lene blue,  or  one  of  the  Romanowsky  dyes,  such  as  Hastings',  Wright's, 
Giemsa's,  etc.  (See  Plate  X.)  With  the  Romanowsky  mixtures, 
which  all  contain  methylene  azure,  the  chromatin  (nuclear)  granules 
are  shown. 

It  is  best  to  procure  specimens  shortly  before  an  attack,  as  adult 
forms  are  then  obtained;  immediately  after  an  attack  is  not  the  proper 
time  to  hunt  for  parasites. 

In  cases  in  which  but  few  organisms  are  expected  Ross  has  suggested 
the  advisability  of  spreading  thick  blood  specimens  and  extracting 
the  hemoglobin  before  staining.  The  search  for  the  youngest  forms 
of  the  estivo-autumnal  parasite  especially  is  much  facilitated  in  this 
manner.  Ruge  endorses  this  method  in  the  following  modification, 
but  points  out  that  the  specimens  are  by  no  means  beautiful.  A 
large  drop  of  blood  (about  20  cb.  mm.)  is  spread  over  a  surface  measur- 
ing about  18  square  millimeters.  The  air-dried  preparation  is  then 
placed  for  a  few  minutes  in  a  5  per  cent,  solution  of  formalin,^  to  which 
0.5  to  1  per  cent,  of  acetic  acid  has  been  added.  In  this  manner  the 
hemoglobin  is  all  extracted,  while  at  the  same  time  the  blood  film 
is  fixed;  so  that  it  can  now  be  washed  without  fear  of  ruining  the 
preparation.  This  is  then  stained  either  according  to  one  of  the 
modifications  of  the  Romanowsky    method  or  with  the  eosinate 

*  This  solution  would  contain  2  per  cent,  of  formaldehyde  gas,  as  the  commercial 
formalin  is  about  a  40  per  cent,  solution. 
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of  methylene  blue.  Ruge  further  advises  that  specimens  stained 
according  to  the  Romanowsky  method  be  subsequently  stained  with 
Manson's  solution/  in  order  to  render  the  smallest  and  medium- 
sized  ring  forms  more  readily  visible,  as  their  affinity  for  the  dye  is 
somewhat  impaired  by  the  fixation  in  formalin.  My  own  experienc*e 
with  this  method  has  been  very  satisfactory. 

Plasencia  suggests  the  following  method:  Fixation  in  0.5  per  cent 
formalin  and  absolute  alcohol  (equal  parts);  rapid  drying  in  the  air 
and  washing  in  distilled  water.  The  specimens  are  then  stained 
with  a  mixture  composed  of  80  c.c.  of  a  saturated  aqueous  solution 
of  toluidin  blue  and  60  c.c.  of  a  1  per  cent,  aqueous  solution  of  eosin. 
After  washing  in  water  they  are  dried  and  examined  as  usual.  Pla- 
senica  regards  this  stain  as  better  than  Manson's. 

The  Parasite. — ^The  following  forms  of  the  parasite  may  be  found 
in  the  blood: 

1.  Hyaline  Non-pigmented  Intracellular  BodiI'S. — These 
apparently  represent  the  earliest  stage  in  the  development  of  the 
parasite,  and  are  found  in  all  forms  of  malarial  fever;  they  are  espe- 
cially abundant  during  the  latter  part  of  the  pa-roxysm  or  immedi- 
ately thereafter.  At  first  sight  they  may  be  mistaken  for  vacuoles, 
but  upon  closer  examination  it  will  be  found  that  they  exhibit  dis- 
tinct movements  of  an  ameboid  character,  and  may  thus  easily  be 
recognized  with  a  little  experience. 

The  rapidity  with  which  these  changes  in  form  occur  in  the  tertian 
type  of  ague  is  most  astonishing,  and  sketches  of  any  one  phase  can 
often,  indeed,  be  made  only  from  memory;  in  (}uartan  fever  the 
movements  are  much  slower  and  far  k^ss  extensive. 

In  the  irregular  fever  of  the  estivo-autumnal  form  ameboid  move- 
ments may  likewise  be  ohserv^ed,  but  more  commonly  the  para- 
site assumes  a  ring-like  appearance,  and  does  not  throw  out  distinct 
pseud opodia.  If  these  forms  are  carefully  obser\'eil,  however,  it  will 
he  found  that  they  are  not  al)solutely  quiescent,  but  alternately  ex- 
pand and  contract. 

In  tertian  fever  the  organism  (Plate  VIII)  is  pale  and  indistinct, 
while  in  cjuartan  fever  it  is  sharply  outlined  and  somewhat  refractive 
(Plate  IX,  Fig.  2).  In  the  estivo-autumnal  form  the  organism  is 
usually  much  smaller  than  in  the  tertian  type,  and  the  ring-like  bodies 
frequently  present  at  some  point  in  their  interior  a  distinctly  shaded 
aspect  which  closely  resembles  the  darker  portion  in  the  centre  of  a 
normal  corpuscle  (Plate  IX,  Fig.  1).  It  is  thus  possible,  even  at  this 
stage  in  the  development  of  the  parasite,  to  distinguish  between  fever 
of  the  tertian,  (juartan,  and  estivoautumnal  type. 

^  This  is  an  a(iiiP()iis  solution  of  borax  (5  |)or  cent.)  and  methylene  blue  (2  per 
cent.).  The  blood  films  an»  stained  with  tliis  solution  for  about  thirty  seconds; 
they  are  then  waslied  in  water,  dried  with  filter  pa|K'r,  and  aftenvard  by  eently 
warming  them  over  the  fiame. 
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The  Parasite  of  Tertian  Fever. 

1,  normal  re<i  corpuscle;  2  to  4,  non-pigmented  stage  of  the  orRanisin,  showing  ameboid  move- 
ments; 5  to  7,  progressive  pigmentation  and  growth;  8  to  11,  process  of  segmentation;  12,  young 
ff»rm»  ;  13,  large  extracellular  organinm  ;  14,  mode  of  formation  of  extra-cellular  body  ;  15,  small 
fragmented  extra-cellular  organism  :  16,  flagellated  body  and  free  flagella.  Unstained  specimen, 
(Personal  oh(»ervation.) 
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2.  Pigmented  Intracellui.ar  Organisms. — These  represent  a 
later  stage  in  the  development  of  the  parasite,  and,  like  the  non- 
p<ginented  intracellular  bodies,  are  met  with  in  all  types  of  malarial 
ever.  Their  appearance,  however,  differs  considerably  in  the  vari- 
es forms.  In  tertian  fever  minute  granules  of  a  reddish-brown 
Jor  appear  in  the  bodies  of  the  organism  soon  after  the  paroxysm. 
fiese  gradually  increase  in  number,  while  the  invaded  corpuscles 
oportionately  become  paler  and  paler,  until  finally  only  an  indis- 
et,  shell-like  outline  can  be  discerned.  In  fresh  specimens  the 
•-i^ules,  which  often  assume  the  form  of  little  rods,  resembling 
c?teria,  exhibit  most  active  molecular  movements,  attracting  atten- 
^>  at  once.  The  body  of  the  para.site,  which  during  its  develop- 
^xit  has  increased  gradually  in  size,  is  probably  hyaline,  and  may 
l\  be  seen  to  undergo  ameboid  movements.  These  are  not  nearly 
active,  however,  as  in  the  non-pigmented  stage.  The  move- 
^Tits,  moreover,  cannot  be  followed  so  readily,  owing  to  the  pres- 
^re  of  the  granules.     At  first  sight  these  appear  to  be  scattered 

small  collections  throughout  the  red  corpuscles,  and  the  impression 
»y  be  gained  that  several  organisms  are  present  at  the  same  time, 
pon  closer  investigation,  however,  it  will  be  seen  that  this  is  only 
pparently  the  case,  and  that  the  granules  are  confined  to  the  bulb- 
ws  extremities  of  the  pseudopodia  of  a  single  parasite.  Before 
he  end  of  forty-eight  hours  the  organism  has  filled  out  the  entire 
ed  corpuscle,  which  at  the  same  time  has  attained  a  larger  size 
han  normal.  The  ameboid  movements  become  less  and  IcvSs  marked, 
nd  the  pigment  granules,  which  may  still  be  quite  active,  tend  to 
ollect  about  the  periphery'  (Plate  VIII). 

In  quartan  fever  pigmented  intracellular  bodies  likewise  appear 
oon  after  the  paroxysm.  The  individual  granules,  however,  are 
omewhat  larger,  of  more  irregular  size,  and  darker  in  color  than 
hose  seen  in  the  tertian  type  (Plate  IX,  Fig.  2).  Instead  of  ex- 
libiting  active  molecular  movements,  moreover,  they  are  almost 
ntirely  quiescent,  and  usually  are  groui>ed  along  the  |>eriphery  of 
he  organism.  While  ameboid  movements  can  at  first  be  observe^!, 
hese  become  less  and  less  marked,  until  finallv,  at  the  end  of  from 
ixty-four  to  seventy-two  hours,  they  cease.  The  organism  then 
)resents  a  round  or  ovoid  form,  but  does  not  fill  the  red  corpuscle 
ntirely.  It  is  curious  to  note  that  in  this  form  of  ague  the  red 
orpuscles  do  not  become  decolorized,  but  rather  darker  than  normally 
ind  at  times  specimens  may  be  seen  which  present  a  distinctly  green- 
sh  or  brassy  appearance.  When  the  parasite  has  become  fully 
levelope<l  the  coq>uscle  is  smaller  than  normally,  and,  on  staining, 
t  may  l>e  seen  that  the  organism  still  is  surrounded  by  a  narrow 
;one  of  corpuscular  protoplasm  even  when  this  is  not  apparent  in 
mstained  preparations. 

The  pigmented  intracellular  bodies  which  may  l)e  found  in  estivo- 
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autumnal  fever  (Plate  IX,  Fig.  1)  can  readily  be  distinguished 
from  those  observed  in  tertian  and  quartan  ague.  As  in  those 
types,  pigment  granules  also  appear  after  the  paroxysm;  they  are 
never  numerous,  however,  and  often  only  one  or  two  minute  daric 
granules  can  be  detected  near  the  periphery.  The  organism,  even 
in  the  later  stages  of  its  development,  scarcely  ever  occupies  much 
more  than  one-third  of  the  corpuscles.  Usually  the  granules  exhibit 
scarcely  any  movements.  As  in  the  quartan  type  of  ague,  decolor- 
ization  of  the  red  corpuscles  does  not  occur,  and  here,  as  there,  a 
greenish,  brassy  appearance  often  is  observed. 

At  the  beginning  and  during  the  paroxysm  forms  are  at  times 
seen  in  which  the  JFew  pigment  granules  that  may  be  present  have 
gathered  in  the  centre  of  the  parasite  and  formed  a  solid  clump. 
From  the  facts  that  these  are  observed  only  during  the  paroxj'sm, 
and  that  central  blocks  of  pigment  are  found  only  during  the  stage 
of  segmentation  (see  below)  in  tertian  and  quartan  ague,  Thayer 
and  others  conclude  that  these  bodies  are  presegmenting  forms  of 
the  parasite.  This  belief  is  strengthened  by  the  observation  that 
pigment-bearing  leukocytes  are  then  also  seen,  which  in  the  other 
types  of  fever  likewise  are  found  only  at  this  time. 

3.  Segmenting  Bodies. — In  cases  of  tertian  and  quartan  fever  the 
process  of  segmentation  may  be  observed  directly  under  the  micro- 
scope, if  specimens  of  blood  are  obtained  just  prior  to  or  during  the 
chill.  In  tertian  fever  organisms  will  then  be  seen  in  which  the  de- 
struction of  the  red  corpuscles  has  advanced  to  a  stage  in  which  it  is 
only  possible  to  make  out  a  pale  contour  of  the  original  host.  The 
parasite  itself  hiis  gradually  assumed  a  granular  appearance,  and  the 
pigment  granules,  which  until  then  have  exhibit^l  pronounced  mo- 
lecular movements,  now  become  cjuiescent,  larger  and  rounder,  and 
show  a  distinct  tendency  to  collect  in  the  centre  of  the  body.  Here 
they  form  a  wundish  mass  in  which  the  individual  components  can 
scarcely  be  made  out.  While  this  change  in  the  position  of  the  pig- 
ment is  taking  place,  beginning  segmentation  of  the  surrounding 
granular  protoplasm  will  be  observed.  This  at  first  is  most  marked 
at  the  perij)herj%  from  which  delicate  strijc  will  gradually  be  seen  to 
extend  towanl  the  central  mass,  dividing  up  the  protoplasm  into  a 
number  of  oval  l)odies  which  closely  resemble  the  petals  of  a  flower 
(Plate  VIII).  Still  later  these  bcnlies,  which  in  reality  are  the 
sporules  (merozoites)  of  the  parasite,  will  be  found  scattered  in 
an  irregular  manner  throughout  the  interior  of  the  organism.  The 
apparcMit  envelope  then  disappears,  and  the  sporules,  which  in  tertian 
fever  usuallv  number  from  fifteen  to  twentv,  lie  free  in  the  blood. 
Quite  frecjuentlv,  also,  a  sudden  expulsion  of  the  little  bodies  is 
obsened  and  the  impression  gained  as  though  the  envelope  had  been 
burst  asunder.  Upon  closer  inspection,  even  at  the  petal  stage,  it  will 
be  seen  that  almost  ever)'  sporule  presents  a  tiny  dot  in  its  interior. 
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The  Parasite  of  Estivo-autumnal  Fever. 

1.  normal  red  cori>iwcIe ;  2  to  10,  gradual  growth  of  the  organism  ;   11  and  12,  segmenting  l)odie8 
13.  young  forms  :   14  to  22,  crescents,  ovoids  and  spherical  bodies,  with  and  without  bib  ;  23,  flagellatet 
IkmIv.     Unstained  si>e<'imen,     (Personal  observation.) 
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The  Parasite  of  Quartan  Fever. 


1,  normal  red  corpuscle;  2  to  0,  gradual  growth  of  the  organism  ;  7,  pigmented  extracellulai 
IxKly  ;  8.  segmenting  body;  9,  young  forms;  10,  vacuolated  extracellular  body;  11.  flagellated  form 
I'nstained  specimen.     (Personal  observation.) 
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which  may  at  first  sight  be  mistaken  for  a  pigment  granule,  but 
which  in  all  probability  is  a  nucleus.  After  the  expulsion  of  the 
sporules  these  are  frequently  seen  to  move  about  in  an  active  manner, 
but  sooner  or  later  they  come  to  rest. 

WTiile  the  progress  of  segmentation  is  very  frequently  observed  to 
proceed  in  the  manner  described,  this  is  not  invariably  the  case.  It 
may  thus  happen  that  segmentation  occurs  before  the  pigment 
granules  have  had  time  to  gather  at  the  centre,  or  that  the  parasitic 
protoplasm  breaks  up  into  sporules  directly  without  the  intervention 
of  the  petal  stage.  In  every  case,  however,  the  formation  of  sporules 
is  associated  directly  with  the  occurrence  of  a  paroxysm  and  repre- 
sents the  asexual  type  of  reproduction  of  the  parasite  (schizogony). 

The  sporules,  unless  destroyed  by  leukocytes,  in  turn  invade  new 
corpuscles,  cause  their  destruction,  and  become  segmented,  thus 
giving  rise  to  a  new  generation.  As  the  process  of  segmentation 
coincides  in  time  with  the  occurrence  of  the  chill,  it  is  apparent  that 
the  interval  elapsing  between  two  consecutive  chills — i.  e.,  the  type 
of  the  ague — depends  upon  the  rapidity  with  which  the  organisms 
arrive  at  maturity. 

In  quartan  ague  segmentation  differs  somewhat  from  that  observed 
in  the  tertian  form.  It  will  here  be  observed  that  the  pigment 
granules,  which  have  gathered  along  the  periphery  of  the  organism, 
as  the  parasite  approaches  maturity  become  arranged  in  a  stellate 
manner,  and  apparently  reach  the  centre  through  definite  protoplasmic 
channels.  Here  they  form  a  dense  clump,  and  while  the  protoplasm 
assumes  a  finely  granular  appearance,  segmentation  proper  begins 
and  proceeds  as  in  the  tertian  form.  The  number  of  segments, 
however,  is  smaller,  varying  between  six  and  twelve.  The  entire 
segmenting  body,  moreover,  is  smaller  than  in  the  tertian  form,  and 
the  segments  are  arranged  in  a  more  symmetrical  manner.  Here, 
indeed,  the  most  perfect  rosettes  are    observed  (Plate  IX,  Fig.  2). 

In  estivo-autumnal  fever  segmenting  bodies  are  only  exception- 
ally seen  in  the  peripheral  blood,  and  it  appears  that  the  process  of 
reproduction  occurs  principally  in  the  spleen.  The  segments,  as  a 
rule,  number  from  ten  to  twenty.  The  segmenting  body  itself, 
however,  is  much  smaller  than  in  either  the  tertian  or  quartan  form, 
and  it  is  not  possible  to  distinguish  any  remains  of  the  original  host. 

4.  Crescents,  Ovoids,  and  Spheroids  (Plate  IX,  Fig.  1). — 
These  are  observed  only  in  cases  of  estivo-autumnal  fever  when 
this  has  persisted  for  at  least  a  week.  At  first  sight  they  apparently 
[yesLT  no  relation  to  the  other  forms  which  have  been  described,  but 
it  is  known  that  they  are  derived  directly  from  the  pigmented  intra- 
cellular forms.  Specimens  may  thus  be  met  with  in  which  cres- 
centic  bodies  are  found  in  the  interior  of  red  corpuscles  that  have 
lost  but  little  of  their  original  color.  Such  observations,  however, 
are  not  common.     '^The  typical  crescents  which  are  usually  seen  are 
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highly  refractive  Ixxlies,  somewhat  larger  than  a  red  corpuscle, 
measuring  from  7  ,«  to  9  fi  in  length  by  2  ft  in  breadth.  Their  ex- 
tremities are  usually  rounded  off  and  joined  by  a  delicate.  pur\'e<i  line 
bridging  over  their  concave  border,  ITiis  is  supposed  to  represent 
the  remains  of  the  original  hotit.  At  other  times  this  hood-like 
Hp]>eudage  is  found  along  the  convex  border.  'ITie  little  pigment 
granules  and  ruds,  which  are  always  found  in  the  interior  of  the 
crescents,  are  generally  collected  about  the  centre  of  the  body,  bul 
they  are  occasionally  also  seen  in  one  of  the  horns.  Wliile  usually 
quiescent,  a  migration  of  some  of  the  granules  toward  one  extremity 
and  back  to  the  central  mass  mav  l)e  oKserved.     'ITie  ovoid  and 


.sjihericiil  Ijodies,  wliich  are  usually  smaller  tlian  the  cn-scents,  exhibit 
the  same  general  feiiturcs  and  (tften  are  [mivideil  likewise  with  u 
little  IukmI.  It  is  timv  known  lliiil  ihe  s|>liericid  iKNlies  develop  from 
the  ovoids,  mid  these  ii^jatn  from  ihe  crescents. 

").  KxTH.viKi.i.rr.AK  I'|(;mkntkd  Hddii-us  dr  (iAMKTfis. — In  tertian 
and  (inartaii  agtic  sonic  of  ihc  pigmenleil  intrucelhilar  bodies,  instead 
of  nnderj,'(iinf;  s'-jTmedialiiiii  when  ihcy  have  arrived  at  maturity, 
leave  tlielr  hiists  and  appear  as  sni-h  in  (he  blood.     Some  of  them 
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t  the  same  time  increase  considerably  in  size,  and  in  the  tertian 
>rm  may  become  as  large  as  a  polynuclear  leukocyte  (Plate  VIII). 
^he  pigment  granules,  moreover,  exhibit  an  activity  in  their  mo\e- 
lents  which  is  most  astonishing  and  never  observecl  under  other 
onditions.  The  outline  of  the  parasite  is  then  usually  irregular 
nd  quite  indistinct.  Upon  careful  observation  it  will  [ye  seen 
liat  in  some  of  these  bodies  the  movements  of  the  granules  after  a 
rhile  become  less  and  less  marked,  and  finally  cease,  while  the  iKxly 
f  the  parasite  itself  becomes  still  more  irregular  in  outline.  This 
ppearance  is  undoubtedly  referable,  to  the  death  of  the  organism, 
n  others  a  gradual  fragmentation  is  observed,  small  particles  of  the 
igmented  mother-substance  being  cut  off  from  the  parent  form, 
t  Ls  thus  quite  common  to  see  the  original  parasite  break  up  into 
3ur  or  five  smaller  bodies,  in  which  the  movements  of  the  pigment 
ranules  persist  for  some  time.  Sooner  or  later,  however,  even  these 
ease,  the  outlines  of  the  bodies  become  more  an<i  more  indis- 
nct,  and  death  occurs.  In  still  others  the  formation  of  vwu- 
les  may  be  observed,  the  pigment  granules  at  the  same  time 
ecoming  quiescent.  This  process  is  likewise  regarded  as  one  of 
egeneration.  Most  interesting,  however,  is  the  fa<rt  that  flcujel- 
Uion  may  occur  in  some  of  these  extracellular  forms.  'ITiis  may 
^metimes  be  hastened  in  the  wet  .specimen  by  gently  breathing 
pon  the  slide  so  as  to  form  a  thin  film  of  moisture  It  will  then 
e  obsened  that  the  pigment  granules  which  exhibit  a  mo.^t  siir- 
rising  activitj'  tend  to  collect  near  the  centre  of  the  organism,  while 
t  the  same  time  curious  undulating  movements  may  Vje  ma^le  out 
long  its  contours.  Suddenly  one  or  more  (one  to  six)  slender  fila- 
lents  ^ill  be  seen  to  protrude  from  as  many  [K>ints  on  the  fxfriphery, 
resenting  minute  enlargements  here  and  there  in  their  course  (Plate 
Xi  <pohTnites).  ITie  length  of  these  filaments,  or  flagella,  as 
liev  are  termetl.  varies  consi<lerablv.  As  a  rule,  it  iUjes  not  excreed 
be  diameter  of  from  five  to  eight  red  corpuscles,  but  longer  siieci- 
lens  are  at  rimes  ol*ier\'ed.  With  these  flagella  the  organism  makes 
lost  active  whipping  movements,  scattering  the  rerj  crjqiasr'Ies  to 
le  right  and  left.  Attention  is.  imieeri,  usually  first  drawn  to  the 
resenee  of  these  Ujdies  bv  the  dlsturfiance  which  thev  caase  in  the 
eW  of  vision.  r>:^-a.sionally  one  of  the  flagella  may  Ije  se**n  to  Ijer-^ime 
eiacherl  fnjm  the  borjy  of  the  parasite  and  to  move  rapi^ily  aUiUt 
mong  the  crjrT>u^-Ie*i  in  a  snake-like  manner.  In  micrrisr.-r>pir:  speci- 
ien5  they  ^ra-lually  ct^me  tr>  a  rest  and  often  curi  into  a  spiral. 

Beyond  the  fart  that  the  flagellate  organisms  in  tertian  f^ner  ar** 
ifger  thaij  in  xit^  quartan  form,  no  special  prjints  of  d iff eretK-e  exist 
Plate  IX,  FiiT.  2  . 

Id  e^TJvr.i-a'Jt^jmrjal  ifrvfT  similar  changes  may  lie  rj^rservwj.  "Ilie 
aL2*-llal*-  f^TTJir  ar»-  here  direr-i  derivatives  iji  tJje  cre^^rits.  whj*-h  Fiave 
'i2tii:r»^i  *••  ••■.•.:';*  arj*J    tI^j*-^  to  ^phenn^lr-      'Hie  fla^j^Hlat^^.  a*  in 
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quartan  fever,  are  smaller  than  those  observed  in  the  terdan  fonn 
(Plate  IX,  Fig.  1). 

The  significance  of  the  flagellate  oi^nisms  is  now  well  under- 
stood.  They  represent  the  male  element  in  the  sexual  reproduction 
of  the  malarial  jmrasite  (microgametocytes)  and  the  beginning  of  a 
cycle  of  development,  which  takes  place  outside  of  the  human  body, 
in  the  bodies  of  mosquitoes  of  the  species  Anopheles.  The  beginning 
of  this  cycle  was  first  observed  by  MacCallum  in  the  blood  of  infected 
crows.  He  here  discovered  that  when  one  of  the  flagella  (micro- 
gametes)  broke  loose  it  almost  always  sought  out  another  full- 
grown  form  of  the  parasite  which  had  not  undergone  s^mentation, 
and  penetrated  this,  just  as  the  spermatozoon  penetrates  the  ovum. 


'Q 


chambfr  ubiTTTalioii  uSuir*  no  JIatirJIaliou. 
mout-chambei- obMrciiCioH  Jihvat  JlagfUation. 
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if  man  through  qaitro-iufaliuol  niid 
rr'iiiratiirn  Imel.  Ihe  infrrlrti  mitqnito  dging 
ia  valrr.  iln/iia  "<  "''  <"  'Ndtinn  pJitHt-JNtcn, 
inftctiiig  fresh  xtgetMa  llhtorelieai) 
Fia.  4a.~IUii«tra1ii]g  cycle  of  dei-rlupnwnl.    (Parli.) 

Sulisequeritly  he  ob.served  the  same  process  in  the  blood  of  the  human 
being,  which  has  since  l)een  confirmed  by  others.  The  female 
cells  are  somewhat  larger  tlian  the  male  cells  and  termed  macroga- 
metes.  The  further  tievelopment  (s)K>rulation)  of  the  fertilized  forms 
(ookinetes),  however,  does  not  take  place  in  the  human  blood,  but  in 
the  mosquitoes.  The  fertilized  organism  ])enetrates  the  stomach 
wall  of  the  insect  and  here  gives  rise  to  the  formation  of  Uttie  cysts 
(oocysts)  in  which  after  about  seven  <lays  numerous  irregular,  rounded, 
ray-like  siriic  ap|)ear.  After  a  time  the  capsules  of  the  cysts  burst 
and  the  delicate,  thread-like  botlie.s  (the  siH»rozoites)  are  set  free  in  the 
iKxly  cavity  of  the  ni()3<|uito,  and  shortly  after  appear  in  the  salivary 
glands.  'J'hese  bodies  represent  the  young  parasites,  which  result 
from  the  sexual  repHxIuction  of  the  adult  organism.     If  at  this  stage 
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of  their  development  the  infected  mosquito  b  allowed  to  bite  a  human 
being  malarial  infection  results,  with  the  appearance  in  the  blood  of 
the  hyaline  forms  already  described. 

From  the  above  description  it  will  be  seen  that  three  forms  of 
the  malarial  parasite  may  be  found  in  the  blood,  viz.,  the  parasite  of 
tertian,  quartan,  and  estivo-autumnal  fever,  and  it  has  been  shown 
that  these  forms  may  readily  be  distinguished  from  each  other.  In 
tertian  and  quartan  fever  several  groups  of  the  same  organism  may 
be  present  at  one  time,  and  as  the  process  of  segmentation  coincides 
with  the  occurrence  of  a  paroxysm  it  will  readily  be  seen  that  the 
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Fic.  48. — Tnnircne  kcUou  of  tbe  fitMnaeb  of  an  anopbetn,  ultb  cyiU  ot  pemlcloiu 
l«mIM>.    (Orual.) 

number  of  paroxysms  within  a  given  time  depends  upon  the  number 
of  groups  which  may  be  present  in  the  blood.  If  a  double  infection 
with  the  tertian  parasite  has  occurred,  one  group  of  organisms  may 
thus  have  just  reached  the  segmenting  stage,  while  the  second  group 
has  attained  only  a  twenty-four  hours'  growth,  the  result  being  that 
maturi^  is  reached  by  the  two  groups  on  successive  days.  Quotidian 
fever  is  then  the  result.  Should  still  other  groups  be  present,  the 
clinical  picture  will  accordingly  become  more  complicated.  In 
quartan  ague,  similarly,  double  quartan  fever  will  occur  if  two  groups 
are  present,  and  triple  quartan  fever  if  three  groups  are  present  at  one 
time.     Mixed  infections,  further,  are  also  possible. 

Pigmented  Leukocytes. — In  conclusion,  it  may  not  be  out  of 
place  to  refer  to  the  presence  of  pigment-bearing  leukocytes  in  the 
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blood  of  malarial  patients.    (See  Plate  X.)    These  are  quite  constantly 
met  with  during;   the  paroxysm,   and  it   is  indeed  often  possible  to 


Fia.  19. — Four  »«)[«  of  iporiilatlon  of  malHrlil  imnwllee  tttiro  Anoph«lea  nucullpeDnls, 
nriHiely  magniliHlr  u-r,  ine  wrDlcloui  punmlie;  a,  fmir  infuiirand  ■  half  d>^  ifter  ingntkiui 
frand  c,  Hvc  [oeix  iJaya  after  iDgaUon^i/,  tertian  (larailie,  lilKht  day*  alter  lugatloD.    lOrasBi.) 


obsorve  the  process  of  pliafiix-f/tmi.f  diRflly  under  ihe  microscope. 
The  forms  wliich  are  taken  up  iin'  llie  small,  fragmented,  extra- 
celhdnr    forms,    the    Haf^llale  bodies,    scgmenliiif;  Imdies,  and    free 
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pigment  clumps.  In  every  case  where  pigment-bearing  leukocytes 
are  observetl,  malarial  fever  shouUl  be  .suspected  and  a  careful 
examination  made,  as  a  melanemia  only  occurs  in  this  disease,  in 
relapsing  fever,  and  in  connection  with  the  rare  melanotic  tumor.s, 
in  which  not  only  leukocytes  containing  melanin  may  occur  in  large 
numbers,  but  also  masses  of  pigment  floating  free  in  the  blood. 

Literature. — A.  Laveran.  Nature  paratutajredcsncridents  de  I'impaludisme, 
Dewriptiun  J'un  nouvpau  parasite,  Paris,  1881.  P.  Manwn.  Tropical  l>iseaaeH, 
Ca-vsell  A  Co.,  Undon,  1900,  p.  1.  For  a  full  acrount  of  tlu>  literature,  see  the 
moDOgraplibyW.S.  Thayer  and  J,  Henetmn,"  The  Malarial  l-'e\-er»i  of  Baltimore," 
Johnn  HopkiiiH  Hoap.  Kep.,  \o\,  v.  On  recent  advance?  in  our  knowledge  con- 
eemint;  the  etioloffk-  6t  malarial  feier,  sec  W.  S.  Tliawr,  Phila.  Med.  Jour,,  19(K), 
p.  1016.  where  a  fidi  sccotmt  of  the  literature  iMftix-en."  T.  B.  I'utcher,  "  K  Critical 
Summarv  of  Recent  Literature  concerning  the  Moiujuito  aH  an  .Agent  in  the 
Trammiission  of  Malaria."  Amer.  Jour.  Me<i.  Sci.,  1899,  p.  318.  W.  M.  SlacCaUum, 
'■On  the  Hematozoon  Infection  of  Hirds."  ,lour.  E^per.  Med.,  vol.  iji,  p.  117. 
K.  L.  Opie,  "  On  the  Hematozoon  of  IJird.s,"  ibid.,  p.  79.  F,  Orohe,  "  Zur  Gesch' 
d.  Melanaemie  "  Virchow'a  Arehiv,  1861.  vol.  w,  300. 


Trypanosoiniasis. — The  first  authentic  report  concerning  the  occur- 
rence of  tiypanosomiasis  in  man  was  made  bv  Dutton  in  19(}2,  while 
in  animals  their  occasional  presence  had  long  lieen  recognized  (frogs, 
rats,  dogs,  groundhogs,  etc.).  In  tropical  region.s  certain  species  are 
patht^nic  for  certain  dttmestic  animals.  The  tse-tse  fly  disease  or 
N'agana  of  Africa,  the  Surra  di.seH.se  of  A.sia,  and  the  mal  de  catJeras 
of  South  America  are  all  referable  to  infe<-tion  with  tnpanosomes 
(observed  in  the  horse,  the  African  buffalo,  the  ox,  the  donkey, 
mule,  antelope,  camels,  and  elephants).  Hspecially  intere.sfing  is  the 
observation  of  Castellani  and  Hnice  of  the  a.s.s<H'iation  of  tr\'p»iiu.so- 
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miosis  with  a  certain  symptonKoinplex,  of  whii'h  the  so-roJlwl  sleep^V 
ing  sickuess  is  oue  of  the  pcuisiltle  manifestations.  Bruce  could  ( 
demonstrate  the  organism  in  the  blood  of  12  mit  of  13  ease^,  and 
in  the  cerebrospinal  fluiil  in  all  of  38  cases.  The  findings  of  these 
earlier  observers  have  since  beeo  abundandy  confirmed,  anrl  it  is  now 
generally  conceded  that  the  disease  in  question  is  referable  to  infection 
with  trypanosomes. 

The  Trypanosoma  gamiyiense  (Dntton)  is  from  S  to  25  /'  long,  and 
from  2  to  2.S  /i  broad.  It  is  provided  with  an  undulating  mem- 
brane an<l  a  flagellum ,  which  starts  from  a  centrosome  or  micronucleus 
lying  in  the  posterior  end  of  the  animal,  and   projects  ; 


FiQ,  152,— Trypan  I 


beyond  the  anterior  end.     (See  Figs.  51  and  52.)     There  is  a 
nucleus  which  is  centrally  locatetl  and  is  made  up  of  chromatid 
granules. 

In  the  wet  preparation  the  organism  exhibits  slow  spiral  mo^'Oi 
raeiits.     It  is  found  free  in  the  blood  plasma,  but  may  also  be  s 
in  the   interior  of  leukocytes,   which   latter  manifestly  destroy  1 
organisms  exactly  as  the  malarial  parasites,     lu  dr^'  specimens  t 
trypanosomes  can  be  readily  slained  with  any  biwic  dyes;  with  tfU 
Roraanowsky  stain  or  one  of  its  modifications  it  \s  stained  like  the^ 
malarial  organism.     I,evaditi'  recommends  the  following  method  as  I 
especially  valuable:  Fixation  in  absolute  alcohol  and  ether  for  fivej 
minutes;  primary  staining  for  two  minutes  with  a  saturated  solutioi 
of  Bismarck  brown,  followed  by  washing  and  counterstaining  witf 


'  S«p.  (ie  l)i')l.,  NnveinhMT  23,  1U(«. 
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Unna's  polychrome  blue  (diluted  one-half  with  water)  for  two  minutes. 
The  specimens  are  rinsed  in  water,  dried  over  a  flame,  and  examined 
as  usual. 

The  number  of  organisms  in  a  blood  preparation  is  rarely  large; 
as  a  rule,  not  more  than  3  to  8  are  found  to  a  cover-slip.  During 
apyrexia  they  are  not  seen. 

Infection  in  man  probably  occurs  through  a  biting  fly — the  Glossina 
palpalis,  which  supposedly  transmits  the  disease  in  a  purely  mechani- 
cal way. 

Novy  and  McNeal  succeeded  in  cultivating  the  trypanosoma  of 
Bruce  in  the  water  of  condensation  from  a  medium  of  agar  mixed 
with  defibrinated  rabbit's  blood  (1  to  1)  at  25°  C,  and  the  rat  trypano- 
some  (Trypanosoma  lewisi)  in  a  similar  medium  containing  1  part 
of  blood  for  2,  5,  or  even  10  parts  of  agar. 

Literature. — Dutton,  Thompson-Yates  Laboratory  Rep.,  1902,  vol.  iv,  part 
ii,  p.  455;  and  Brit.  Med.  Jour.,  1903,  vol.  i,  p.  304.  Castetlani  and  Bruce,  ibid., 
pp.  1218  and  1431 ;  Jour.  Trop.  Med.,  1903,  p.  167.  Novy  and  McNeal,  Joum. 
Amer.  Med.  Assoc.,  November  21,  1903.     Novy,  ibid.,  Jan.  5,  1907. 

Relapsing  Pever. — ^Relapsing  fever  is  characterized  by  the 
presence  in  the  blood,  and  here  only,  of  spirochetes  which  bear  the 
name  of  their  discoverer,  Obermeier.  In  order  to  search  for  the 
organisms  no  special  precautions  are  necessary.  After  having 
cleansed  the  finger  a  drop  of  blood  is  mounted  on  a  very  thin  cover- 
glass.  This  is  inverted  directly  upon  a  slide,  when  the  specimen 
is  ready  for  examination;  an  oil-immersion  lens  is  not  required. 
Attention  is  drawn  to  the  presence  of  the  organisms  by  disturbances 
which  are  noticeable  among  the  red  corpuscles,  and  upon  careful 
examination  it  will  be  seen  that  these  are  caused  by  the  wriggling 
movements  of  the  spirochetes.  The  Spirochsetae  Obermeieri  are 
long,  slender  filaments,  measuring  from  36  //  to  40  //  in  length 
by  0.3  {I  to  0.5  //  in  breadth,  and  present  from  eight  to  twelve  in- 
curvations of  equal  size  with  tapering  extremities.  These  two  last 
characteristics  serve  to  distinguish  this  species  from  that  described 
by  Ehrenberg,  in  which  the  radius  of  the  incurvations  is  not  the 
same  in  all,  and  in  which  the  extremities  do  not  taper  (Fig.  53). 

The  number  of  spirilla  which  may  be  found  in  a  drop  of  blood 
varies,  being  greater  during  the  access  of  the  fever,  when  twenty,  or 
even  more,  may  be  observed  in  the  field  of  the  microscope.  They 
occur  singly  or  in  bunches  of  from  four  to  twenty.  In  the  quiescent 
stage  they  are  arranged  sometimes  in  the  form  of  rings  or  of  the  figure 
8.  After  the  crisis  they  seem  to  disappear  entirely,  and  their  pres- 
ence during  an  afebrile  period  may  therefore  be  regarded  as  indi- 
cating a  pseudocrisis.  During  the  afebrile  periods  small,  bright, 
round  bodies  have  been  described  in  the  blood,  which  according  to 
some  are  spores,  but  according  to  others  represent  merely  debris 
of  the  spirilla. 
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Culture  experimeiils  have  not  l>ceu  verj'  satisfactory,  althouj^h 
Koch  observed  an  increase  in  tlieir  nunil>er  at  a  temperature  of  from 
10*  to  11°  C. 

Koch  has  shown  that  in  African  relapsing  fever,  which  is  likewise 
<liie  to  a  spiroeheta,  infection  occurs  tnrough  the  bite  of  a  certain 
tick,  OrnithcMlorus  inotibata.  which  acts  as  intermediary  host  in  the 
development  of  the  organism. 


'   1000  dlun.    (From 


The  tick  fev<T  of  the  Congo  Free  State  i.f  apparently  identical  with 
the  African  re<'urrens  ilescrilied  liy  Koch.  Infection  likewise  occurs 
through  the  bite  of  infected  ticks,  Ornidiockirus  mouhata. 

HoiUmoser  luis  shown  tha!  die  bli)oil  of  re<-urrens  is  spirilla 
agghilinatiug.  Mut  a,s  the  culture  of  ihe  organisms  is  practically 
not  (Ktssilile,  the  bliwd  of  ii  seciind  ca.se  must  he  available  for  the  test. 

I.iTKn\Tiia;.  Hi'L.l.>iin".-li.  TtiHTs  ^Hi.  iiIht  il.  Vi.i.\*h.  d,  Riickfallstvphiia. 
BcTliii.  1S77.  Mr>ivulk.i«-.-kv.  |!,.ul  r!i.  An-li.  f.  klin.  Mpii.,  vol.  xviv.  p.  SO.  and 
vol.  Nxx.  p.  llir,_  llli^..ii,.r:  liii.ii:.  Hi--..  Hi.rUii.  1873.  EnRcl.  Hrrlin.  Win. 
\V(.Hi..  IS7:l,  i>.  Id!).  -J.  K.  I>iit1..ii  !iti<l  J.  L.  TimW,  Hril.  Mi-ci.  Jour.,  Xovemhrr 
II.  luai.     7ll  V.T-iii.iiinliim;  .i.  Nat.  ii.  .\i!t..  Hn-slau,  liHM. 

Typhus  Fever. — .-Vccmvling  ti)  ColLsclmlk'  a  protozoon,  closely 
related  to  l'yn)plasiTia  liigotiicuni.  which  he  terms  Apio.soma,  can  he 
deinoiist filled  in  ihc  l.hiod  (if  lyphi's  fever,  lie  claims  to  have  found 
s|iondati<ni  evsis  and  llagelliite.l  forms.  Infeclicm  aci-onling  to 
Cott.schalk  may  .H-ciir  ihrmigh  lu-.ll,ugs. 

Tropical  Splenomegaly  (Ea'a-azar).— 'rimmgh  the  resean'hes 
of  Donovan,  Ix-ishinuti,  ami  Koss  e.sjM'cially  it  has  l)oen  established 
that  in  troiiical  .sidcnoincgaly  (<  aehexial  fever,  Kala-azar)  parasites 
may  he  dcinoiislraied  in  (he  bloud  wiiiih  arc  pmbalily  etiologically 
connecleil  wilh  dtc  |)alluil{igi(-al  eoiitlition.  The  orjpinism  in  question 
has  In-en  Icnned  Ihe  I^islunaiiiii  Donovani  (I>-i.shman-l>onovan 
body,  ('iinnin{:liain-l.eis]iman-l  tiniDvan  body).     It  represents  a  stage 

'   Dnilsi-h.  iiK'd    W..,-li..  V.Mi,  N.I.  lit. 
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in  the  development  of  a  trypanosome,  as  was  suggested  by  Rogers  and 
as  has  since  been  shown  by  cultural  experiments  by  Leishman  and 
Statham. 

In  the  peripheral  blood  the  organisms  are  rarely  found  and  only 
when  the  temperature  is  high.  Splenic  puncture  gives  the  best 
results.  Donovan  suggests  that  it  is  well  to  keep  the  patient  flat  on 
the  back  for  twenty-four  hours  after  the  operation  and  to  give  a 
dose  of  calcium  chloride  inmiediately  after  and  twice  again  at  intervals 
of  three  hours  (to  prevent  hemorrhage).  The  parasites  are  princi- 
pally met  with  in  large  mononuclear  cells.  The  typical  forms  are 
oval  or  circular  with  a  well-marked  contour  (Plate  XI).  There  id  a 
deeply  staining  nucleus  lying  against  the  capsule  and  a  deeply  stain- 
ing, rod-like  centrosome.  They  may  occur  singly  or  in  pairs  or  in 
•  zooglcea  masses.  They  are  readily  stained  with  any  one  of  the 
methylene-azure  mixtures  (Hastings,  Giemsa,  Leishman,  etc.). 

Literature. — R.  Ross,  Brit.  Med.  Jour.,  July  9,  1904.  L.  Rogers,  Lancet, 
July  23,  1904.  Leishman  and  others.  Discussion,  Brit.  Med.,  Jour.,  September 
17,  1904.   Leishman  and  Statham,  Jour.  Royal  Anny  Med.  Corps,  March,  1905. 

Syphilis. — ^The  Spirocheta  pallida  (Treponema  pallidum)  has  been 
demonstrated  in  the  blood  during  life.  Under  ordinary  circumstances, 
however,  its  search  is  here  not  likely  to  be  attended  by  success.  For 
diagnostic  purposes  it  should  be  looked  for  in  scrapings  from  chancres, 
papules,  condylomas,  in  the  aspirated  juice  of  enlarged  lymph  glands, 
etc.  (For  a  description  of  the  organism  see  Examination  of  Syphilitic 
Material.) 

Spotted  Fever. — In  the  so-called  spotted  fever,  which  occurs  in 
Montana,  Nevada,  Oregon,  etc.,  an  infracorpuscular  amel>oid,  non- 
pigmented  organism  has  been  described  by  Wilson  and  Chowning, 
as  also  by  Anderson,  which  they  regard  as  the  cause  of  the  disease. 
They  term  this  the  Pyroplasma  hominis.  Infection  supposedly 
takes  place  through  ticks  belonging  to  the  species  Dermacentor 
reticulatus. 

I  have  studied  the  blood  in  several  cases  which  were  placed  at 
my  disposal  by  Drs.  McCalla,  Maxey,  and  Pease,  but  was  unable 
to  find  such  structures.  Craig  and  Stiles  express  themselves  in  a 
similar  manner. 

Literature. — Wilson  and  Chowning,  Jour.  Amer.   Med.,  Assoc.,  1902,  vol 
xxxix,  p.  131.     J.  F.  Anderson,  Araer.  Med.,  1903,*  vol.  vi,  p.  506.     Craig,  Araer. 
Med.,  December  10,  1904. 

Filariasis. — According  to  Manson,  the  embryos  of  at  least  four, 
and  possibly  five  and  even  more  distinct  species  of  nematodes  may  be 
found  in  the  blood  of  man.  These  various  blood  worms  Manson 
designates  as  the  Filaria  nocturna,  Filaria  diurna,  Filaria  perstans, 
Filaria  demarquaii,  Filaria  ozzardi  (a  doubtful  species),  and  a  sixth, 
which  may  or  may  not  be  connected  with  one  of  the  two  last,  the 
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Filaria  magelhsesi.  Two  of  these  at  least  are  of  pathological  import, 
viz.,  the  Filaria  noctuma  and  the  Filaria  perstans. 

Filaria  Noctuma  (Manson):  syn,,  Filaria  sanguinis  hominis 
(Lewis).  This  filaria  is  the  embryo  form  of  the  Filaria  Bancrofti 
(Cobbold),  which  inhabits  the  lymphatics  and  b  unquestionably  the 
cause  of  endemic  chyluria,  of  various  forms  of  lymphatic  varix,  of 
tropical  elephantiasis  arabum,  and  possibly  also  of  other  obscure 
tropical  diseases.  The  organism  in  question  is  widely  distributed. 
It  is  indigenous  in  almost  all  tropical  and  subtropical  countries  as 
far  north  as  Spain  in  Europe  and  Charleston  in  the  United  States, 
and  as  far  south  as  Brisbane  in  Australia.  It  is  very  common  in 
Cochin  and  in  some  of  the  South  Sea  Islands,  where  one-third  and 
one-half  of  the  population,  respectively,  appear  to  be  infected. 

In  the  following  description  of  both  parent  and  embryo  form  I 
quote  largely  from  Manson 's  account  of  the  parasite  in  his  admirable 
manual  of  tropical  diseases. 
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Fig.  54. — Filaria  sanicuinis. 


The  parent  filarias  are  hair-like,  transparent  worms  measuring  from 
7.5  to  10  cm.  in  length.  The  sexes  live  together,  often  inextricably 
coiled  about  each  other.  Sometimes  thev  are  enclosed,  coiled  several 
in  a  bunch,  and  tightly  packed  in  little  cyst-like  dilatations  of  the 
distal  lymphatics;  sometimes  they  lie  more  loosely  in  lymphatic 
varices;  sometimes  they  inhabit  the  large  lymphatic  tnmks  between 
the  glands,  the  glands  themselves,  and  probably  not  infrequently  the 
thoracic  duct.  The  female  is  the  larger;  there  are  two  uterine  tubes 
which  occupy  the  greater  part  of  the  body,  and  which  are  fiUed 
with  ova  in  various  stages  of  development.  The  vagina  opens  Mar 
the  mouth;  the  anus  just  in  advance  of  the  tip  of  the  tail.  The 
cuticle  is  smooth  and  without  markings.  In  both  sexes  the  mouth 
end  tapers  slightly;  it  is  dubbed  and  simple.  The  male  is  charac- 
terized by  its  marked  disposition  to  cur\'e.  '^rhe  cloaca  gives  exit  to 
two  slender,  unequal  spicules. 
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In  the  wet  preparations  the  Filaria  nociuma  appears  as  a  trans- 
parent, colorless  little  worm,  which  wriggles  about  most  actively, 
constantly  agitating  and  displacing  the  corpuscles  in  its  vicinity.  It 
will  be  noticed,  however,  that  the  animal  does  not  propel  itself 
through  the  drop  of  blood,  but  remains  stationary.  At  first  the 
movements  are  so  active  that  it  is  impossible  to  make  out  any  ana- 
tomical details;  after  a  number  of  hours,  however,  the  movements 
become  more  sluggish,  and  it  is  then  possible  to  study  the  worm 
with  more  ease.  It  measures  about  0.31  mm.  in  length  by  0.007  to 
0.008  mm.  in  width.  With  the  higher  power  it  will  be  seen  that  the 
entire  worm  is  enclosed  in  a  delicate  envelope,  in  which  it  moves 
backward  and  forward,  the  sheath  being  much  larger  than  the  worm 
(Fig.  54).  It  b  owing  to  the  presence  of  this  sheath  that  active  loco- 
motion on  the  part  of  the  worm  is  not  possible.  About  the  posterior 
part  of  the  middle  third  of  the  parasite  there  is  an  irregular  aggrega- 
tion of  granular  matter,  which  represents  a  viscus  of  some  sort.  With 
a  high  power  one  can  further  make  out  a  delicate  transverse  striation 
in  the  musculocutaneous  layer  throughout  the  entire  length  of  the 
animal.  In  stained  specimens  two  V-shaped  light-spots  can  be 
made  out:  one  at  a  point  about  one-fifth  of  the  entire  length  of  the 
organism,  backward  from  the  head  end;  the  other,  very  much  smaller, 
a  short  distance  from  the  tail.  The  first  Manson  designates  the 
"V"  spot,  the  second  the  tail  spot.  In  stained  specimens  these 
two  spots  are  readily  made  out,  as  they  do  not  take  the  color.  WTien 
the  movements  of  the  animal  have  almost  ceased,  one  can  see  on 
careful  focussing  that  the  head  is  constantly  being  covered  and 
uncovered  by  a  six-lipped  or  hooked  and  very  delicate  prepuce; 
and,  moreover,  one  can  sometimes  see  a  short  fang  of  extreme 
tenuity  suddenly  shot  out  from  the  uncovered  extreme  cephalic  end, 
and  as  suddenly  retracted. 

Technique. — ^The  examination  should  be  made  late  in  the  even- 
ing, after  the  patient  has  rested  for  a  number  of  hours.  Drops  of 
blood  are  then  mounted,  wet,  on  slides  and  ringed  with  vaselin  to 
prevent  the  specimen  from  drying.  In  such  preparations  the  filarias 
keep  alive  for  a  week  or  longer.  They  should  be  searched  for  with 
a  low  power — an  inch  objective  is  very  convenient  for  the  purpose. 
Attention  is  directed  to  their  presence  by  the  commotion  which  they 
cause  among  the  neighboring  blood  corpuscles. 

To  prepare  permanent  mounts  blood  smears  are  best  made  on 
slides,  which  are  then  stained  with  eosinate  of  methylene  blue  in  the 
usual  manner.  Working  with  the  blood  of  infected  animals,  I  have 
thus  obtained  very  good  results.  The  V  and  tail  spots  are  very  well 
brought  out.  To  show  anatomical  details,  however,  staining  with 
eosin  and  hematoxylin,  after  fixing  the  smears  with  alcohol,  gives  the 
best  results;  in  this  manner  the  sheath  is  very  well  shown,  as  also 
the  structure  of  the  musculocutaneous  layer. 
13 
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The  number  of  worms  which  may  be  found  in  a  specimen  is  very 
variable.  During  the  daytime  they  are  rarely  seen,  and,  if  at  all, 
only  one  or  two  specimens  at  most  are  found.  As  evening  ap- 
proaches, however,  commencing  about  5  or  6  o'clock,  the  filarias 
enter  the  peripheral  circulation  in  increasing  numbers.  At  mid- 
night the  maximum  number  is  about  reached,  with  from  300  to  600 
to  the  drop  of  blood.  Later  they  gradually  decrease,  and  by  8  or 
9  A.M.  they  have  again  disappeared.  This  periodicity,  however, 
may  be  reversed  if  the  patient  is  made  to  sleep  during  the  daytime 
and  remains  awake  at  nights.  During  their  absence  from  the 
peripheral  circulation  they  may  be  found  in  the  larger  arteries  and 
in  the  lungs. 

In  non-active  cases  the  number  of  filarias  even  at  night  is  quite 
small.  In  one  instance  of  this  kind  I  found  only  the  sheath  of  a 
single  worm  while  examining  perhaps  fifty  specimens. 

Infection  occurs  through  the  females  of  mosquitoes  belonging  to 
both  the  culex  and  anopheles  family  which  have  fed  on  the  blooHd  of 
filaria-infected  individuals.  The  history  of  the  parasite  while  in  the 
body  of  the  mosquito  is  in  brief  the  following:  After  their  arrival 
in  the  stomach  the  young  worms  shed  the  sheath  and  invade  the 
thoracic  muscles,  where  they  increase  in  size  (to  1.5  nmi.),  de- 
velop a  mouth,  an  alimentary  canal,  and  a  trilobed  tail.  They 
then  find  their  way  into  the  abdomen,  where,  in  suitably  prepared 
sections,  they  may  occasionally  be  seen  in  the  tissues  about  the 
stomach,  and  even  among  the  eggs  in  the  posterior  part  of  the 
abdomen.  The  majority  now  find  their  way  to  the  base  of  the  pro- 
boscis and  under  appropriate  conditions  out  through  the  probascis 
by  a  channel  which  they  make  for  themselves.  After  introduction 
into  the  human  body  the  organism  finds  its  way  into  the  lymphatics, 
where  it  attains  sexual  maturity;  fecundation  takes  place  and  the  new 
generation  of  filarias  enter  the  blood  current  by  way  of  the  thoracic 
duct  and  the  left  subclavian  vein.  The  development  of  the  embryo 
form  in  the  mosquito  occupies  from  sixteen  to  twenty  days. 

Wliethcr  or  not  infection  can  occur  in  any  other  way  is  not 
known.  We  could  conceive  that  some  of  the  worms  are  eliminated 
with  the  eggs  of  the  moscjuitoes,  and  that  infection  could  then  take 
place  through  contaminated  drinking  water. 

Filaria  Perstans. — This  species  is  of  interest,  as  it  was  thought 
to  l)e  concerned  in  the  causation  of  the  so-called  sleeping  sickness  of 
west  tropical  Africa.  It  has  likewise  been  found  in  the  Buck  Indians 
of  British  Guiana,  among  whom  the  same  sickness  also  occurs.*  The 
organism  ohsen^s  no  periodicity,  but  is  present  in  the  blood  both 
during  the  daytime  ancj  at  night. 

'  More  recont  observations  tend  to  throw  doubt  on  this  relationship  and  rather 
suggest  a  connection  between  a  species  of  trvpanosoma  and  sleeping  sickness. 
(See  p.  187.) 
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The  embryo  worm  b  smaller  than  the  Filaria  noctuma;  it  meas- 
ures about  0,2  mm.  in  length  by  0.004  ram.  in  breadth.  It  has 
no  sheath,  and  its  caudal  end  b  truncated  and  abruptly  rounded. 
ITiere  is  no  hooked  cephalic  prepuce.     Its  motion  is  progressive. 

The  adult  form  measures  70  to  80  mm.  in  length.  The  tail  in  both 
sexes  is  incurvated  and  the  chitinous  covering  at  the  extreme  tip 
split,  as  it  were,  into  two  minute  triangular  appendages.  They 
have  been  found  in  the  connective  tissue,  at  the  root  of  the  mesen- 
tery, behind  the  abdominal  aorta,  and  beneath  the  pericardium. 

LiTEHATUHB,— Moder  u.  Peiper,  Kpezielle  Pathol,  u.  Therap.,  18(M,  vol.  ^•i, 
p.  219.  P.  H&nmn,  Allbutt's  Sytftem  of  Medicine,  vol.  ii.  1.  Guit^ras,  Med. 
News,  April,  1886.  F.P.Henryibid,,  1S96.  E.Opie,Amer.  Jour.  Hed.Sci.,  1001, 
vol.  cxxii,  p.  251.    P.  Hftuaon,  Tropical  DiseaseB,  CaBsell  &.  Co.,  \joaAan,  1900. 
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DistomissiB  (Bilharmasis) .— Bilhama  hsmatobia  (Cobbotd) 
*yn.,  Gymecophonis  (Diesing);  Distomum  hiematobium  (Bilhars) 
Schistosoma  hiematobium  (Weinland);  Distoma  capense  (Harley) 
Thecosoma  (Maguin-Tandon). 

The  Bilharzia  luematobia  belongs  to  the  class  of  trematode 
platodes.  According  to  Billiarz,  the  greater  portion  of  the  Fellah 
and  Coptic  population  of  Egypt  is  infected.  It  is  abundant  in 
South  Africa,  and  has  also  been  observed   in   Mesopotamia,  and 
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apparently  in  Arabia.  In  the  United  States  a  few  isolated  cases 
have  been  seen  which  were  undoubtedly  imported.  From  Europe 
no  endemic  cases  liave  been  reported.  The  parasite  may  give  rise 
to  diarrhea,  hematuria,  and  ulceration  of  the  mucous  surfaces. 

The  male  is  smaller  but  thicker  than  the  female,  measuring  from 
12  to  15  mm.  in  length  by  1  mm.  in  breadth.  On  its  abdominal 
surface  a  deep  groove  is  found  with  overlapping  edges,  which  serves 
for  the  reception  of  the  female  (Fig.  55).  It  has  an  oval  and  a 
ventral  sucker  placed  close  together. 

The  adult  parasites  are  found  in  the  blood  of  the  portal  vein,  in 
its  mesenteric  and  splenic  branches,  and  in  the  vesical,  uterine,  and 


hemorrhoidal  veins;  they  liave  also  been  found  in  the  vena  cava 
anil  may  passibly  incur  elsewhere  in  the  cireulation.  The  eggs 
are  more  often  seen.  'I'hey  are  oval  bodiejj,  measuring  0.16  mm. 
in  length  by  0.05  mm.  in  brendth,  and  are  provided  with  a  dis< 
tinct,  spike-like  pnijeetioii  whicli  i.ssues  from  one  extremity  or  the 
side  (Fig.  5(S).  Infection  usually  takes  place  through  untiltered 
drinking  water,  but  may  also  iK-cnr  through  the  skin.  Through  the 
portal  system  the  parasite  then  invades  the  urogenital  .system,  the 
anus,  and  rectnm,  and  may  al.s<i  proliferate  abunilantly  in  the  intes- 
tine, the  liver,  kidneys,  eti-.  'ITie  diagnosis  is  usually  made  by 
examination  of  the  urine,  in  which  the  ovii  will  be  found. 

Another  variety  of  blood  fluke  has  been  de.scribed  by  J.  Catto,' 
Schi.ito.ionia  Catfoi;  it  was  found  in  a  C'hine.se  wlio  had  died  of  cholera. 

I.iTF.i(.»TrnK.-l(illiarz.  Wi.-n.  nicl. 
BchmiilCs  .Iiilirlmrh.,  1SS2.  viil.  x\,  p 
inn.  Mel.,  1S22,  vol.  xi,  p.  144. 

Anguilluliasis.— In  1X05  Teissier  rci)orfcd  a  case  of  intermittent 
fever  in  whicii  numerous  cmbrvos  of  iuiguillula  were  found  in  the 

1  Bril.  Med.  Jour.,  January  7,  1905. 
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blood.  They  disappeared  after  expulsion  of  the  parasites  from  the 
intestinal  tract,  and  at  the  same  time  the  fever  ceased.  It  is  a  question, 
however,  whether  Teissier's  parasite  was  identical  with  the  common 
form  described  by  Bavay,  Normand,  Grassi,  and  others.  Unlike 
the  embryos  developing  from  the  eggs  of  both  parasitic  and  free- 
living  generations,  Teissier's  form  did  not  present  the  characteristic 
double  oesophageal  enlargement,  and  he  reports,  moreover,  that  in 
the  case  of  the  adult  male  only  one,  instead  of  two,  spicules  was  noted. 
This  view  is  strengthened  by  the  observation  that  after  inoculation 
into  frogs  the  worms  developed  in  the  intestinal  canal  and  the  lungs 
into  giant  forms,  which  may  have  been  Ascaris  nigrovenosa  {syn,, 
Rhabdonema  nigrovenosum). 

Literature. — Teissier,  Compt.-rend.  del' Acad,  des  sci.,  1895.  vol.  cxxi,  p.  171. 
Arch,  de  mM.  exp^r.  et  d'anat.  path.,  1895,  vol.  vii,  p.  675;  ibid.,  1896,  vol.  viii, 
p.  586. 


CHAPTER    11. 
THE  SECRETIONS  OF  THE  MOUTH. 

SALIVA. 

Normal  saliva  is  a  mixture  of  the  secretions  derived  from  the 
submaxillary,  sublingual,  parotid,  and  mucous  glands  of  the  mouth. 
It  is  a  colorless,  inodorous,  tasteless,  somewhat  stringy  and  frothy 
liquid,  and  serves  the  purpose  of  aiding  in  the  acts  of  mastication, 
deglutition,  and  digestion.  The  quantity  secreted  in  twenty-four 
hours  amounts  to  about  1500  grams. 

(General  Characteristics. 

Normal  saliva  has  a  specific  gravity  of  1.002  to  1.009,  correspond- 
ing to  4  to  10  grams  of  solids.  The  reaction  is  alkaline,  the  d^ree 
of  alkaUnity  corresponding  to  from  0.006  to  0.048  per  cent,  of  sodium 
hydrate.  Normally  an  acid  saliva  is  observed  only  in  newly  bom 
infants  and  in  sucklings. 

The  reaction  of  the  tongue  and  the  mucous  membrane  lining  the 
mouth  is  quite  commonly  acid  early  in  the  morning  owing  to  the 
production  of  lactic  acid  by  some  of  the  bacteria  which  are  constandy 
present  in  the  mouth.  This  acid  corrodes  the  enamel  of  the  teeth, 
and  may  ultimately  produce  dental  caries. 

Chemistry  of  the  SaUva. 

In  order  to  give  an  idea  of  the  general  composition  of  the  saliva 
the  following  analyses  are  appended ;  the  figures  correspond  to  1000 
parts  by  weight: 

Water 995.20         994.20        988.10 

Ptyalin' 1.34  1.30  1.30 

E^Tthelium} l-«2             2.20              2.60 

Fatty  matter . .                0.50 

Sulphocyanides O.OG             0.04              0.09 

Alkaline  chlorides 0.84 

Disodiiim  phosphate       ....  0.94              2.20             3.40 

Magnesium  and  calcium  salts  .      .  0.04 

Alkaline  carbonates        ....  traces. 

Nitrites traces. 

*  These  figures  are  too  high,  as  thoy  refer  to  the  total  precipitate  obtained  with 
alcohol. 
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In  order  to  demonstrate  the  presence  of  the  sulphocyanides,  it  is 
usually  only  necessaiy  to  heat  a  few  cubic  centimeters  of  the  pure 
saliva,  faintly  acidified  with  hydrochloric  acid,  with  a  dilute  solu- 
tion of  ferric  chloride,  when  a  red  color  will  be  seen  to  develop. 
If  necessary,  larger  quantities,  such  as  100  c.c,  are  evaporated 
to  a  small  volume;  the  test  b  then  applied  to  the  concentrated 
fluid. 

The  te^  for  nitrUes  is  conducted  in  the  following  manner:  About 
10  c.c.  of  saliva  are  treated  with  a  few  drops  of  Ilaavajfs  reagent 
and  heated  to  a  temperature  of  80*^  C,  when  in  the  presence  of  nitrites 
a  red  color  will  develop.  The  reagent  is  prepared  as  follows:  0.5 
gram  of  sulphanilic  acid  in  150  c.c.  of  dilute  acetic  acid  is  treated 
with  0.1  gram  of  naphtylamin  dissolved  in  20  c.c.  of  boiling  water. 
After  standing  for  some  time  the  supernatant  fluid  is  poured  off  and 
the  blue  sediment  dissolved  in  150  c.c.  of  dilute  acetic  acid.  The  solu- 
tion b  kept  in  a  sealed  bottle. 

Of  organic  matter,  ptyalin,  a  little  albumin  mixed  with  mucin,  and 
about  1  gram  of  urea  pro  Uter  are  found. 

In  neutral  or  slightly  alkaline,  but  not  in  acid  solutions  ptyalin 
rapidly  transforms  boiled  starch  into  dextrins  and  sugar  at  a  tempera- 
ture of  from  35*"  to  40*"  C. 

In  order  to  test  for  ptyalin,  a  few  cubic  centimeters  of  saliva  are 
filtered  and  added  to  a  solution  of  starch;  the  mixture  is  placed  in 
the  warm  chamber  for  5  to  10  minutes,  when  it  is  tested  with  cupric 
sulphate  or  iodine.  At  first  starch  gives  a  blue  color  with  iodine; 
after  digestion  has  proceeded  farther  a  red  or  violet  red  is  ob- 
tained, indicating  the  presence  of  erythrodextrin,  while  no  change 
in  color  at  all  results  when  achroodextrin  only  is  present.  The 
maltose  may  be  recognized  by  the  fact  that  it  turns  the  plane  of 
polarization  more  strongly  to  the  right  than  glucose;  like  glucose,  it 
reduces  Fehling's  solution. 

Microscopic  Examination  of  the  Saliva. 

If  normal  saliva  is  allowed  to  stand,  two  layers  will  be  seen  to 
form,  viz.,  an  upper  clear  and  a  lower  cloudy  layer,  which  latter  con- 
tains certain  morphological  elements.  Among  these,  salivary  cor- 
puscles, pavement  epithelial  cells,  and  microorganisms  are  found 
(Fig.  57). 

The  salivary  corpuscles  resemble  white  corpuscles  very  closely, 
but  diflFer  in  their  greater  size  and  coarser  appearance.  The  epi- 
thelial cells  are  large,  irregular,  polygonal  cells,  provided  with  well- 
defined  nuclei  and  nucleoli;  they  exhibit  certain  irregularities  in 
size,  according  to  their  origin,  and  belong  to  the  class  of  pavement 
or  stratified  epithelium. 
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Microdrganisnu.* — While  schizomycetes  and  molds  are  only 
exceptionally  found  in  the  mouth  under  normal  conditions,  bacteiia 
are  always  present  in  large  numbers,  and  it  is  not  surprising  that  all 
forms  which  are  found  in  the  air,  food,  and  drink  may  here  be  encoun- 
tered. Some  of  these,  such  as  the  I^ptothrix  buccalis  innominals, 
Bacillus  buccalis  maximus,  Leptothrix  buccalis  maxima,  lodococcus 
vaginatus.  Spirillum  sputigenum,  and  Spirocheta  dentium,  are  always 
present.  Together  with  other  bacteria,  they  have  been  found  in 
carious  teeth,  in  abscesses  communicating  with  the  mouth  utd 
pharynx,  and  in  exudates  on  the  mucous  membranes  of  these  parts. 
In  all  probability,  however,  they  are  non-pathogenic.  To  this  class 
also  belongs  the  smegma  bacillus,  which  has  been  encountered  in  the 
saliva,  the  coating  of  the  tongue,  and  in  the  tartar  of  the  teeth  of  per- 
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fectly  healthy  individuals.  The  Ijeuconostoc  hominis  also  is  a  normal 
inhabitant  of  the  oral  cavity,  but  occurs  in  larger  numbers  in  inflam- 
matory diseases  (scarlatina,  measles,  and  diphtheria).^ 

In  this  connection  it  is  interesting  to  note  that,  in  contradistinction 
to  the  bacteria  which  are  only  temporarily  found  in  the  mouth,  the 
majority  of  those  which  are  constantly  present  cannot  be  cultivated 
on  artificial  media. 

Important  from  a  practical  stand|x>int  is  the  fact  that  a  number 
of  pathogenic  microorganisms  may  be  found  under  normal  con- 
ditions. The  Diploctx-cus  pneumoniie  has  thus  been  found  in  a 
virulent  condition  in  frctm  15  to  20  per  cent,  of  healthy  individuals, 
and  it  is  even  claimetl  that  in  a  non-vinilent  state  it  is  consUaiily 
present  in  the  mouth.  Streptococci  are  likewise  frequently  observed, 
but  usually  possess  but  little  virulence  or  none  at  all  when  obtfuned 
from  the  healthy  mouth  and  tested  upon  animals.     Pyogenic  staphy- 
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lococci  may  also  be  found  at  times,  but  are  less  common  than  the 
streptococci.  Most  important  is  the  occasional  occurrence  of  the 
diphtheria  bacillus  in  the  mouths  of  individuals  who  have  not  been 
exposed  to  contagion.  Welch*  mentions  that  virulent  organisms 
were  found  by  Park  and  Beebe  in  the  healthy  throats  of  8  out  of 
330  persons  in  New  York  who  gave  no  history  of  direct  contact  with 
cases  of  diphtheria;  2  of  these  8  persons  later  developed  the  disease. 
Non-virulent  bacilli  were  found  in  24  individuals  of  the  same  series, 
and  pseudodiphtheria  bacilli  in  27. 

Other  pathogenic  bacteria  which  may  be  found  in  normal  mouths 
are  the  Micrococcus  tetragenus,  the  Bacillus  pneumoniae  of  Fried- 
lander,  the  Bacillus  crassus  sputigenus,  and  the  Bacillus  coli  com- 
munis. 

Pathological  Alterations. 

It  has  been  mentioned  that  about  1500  grams  of  saliva  are 
secreted  in  the  .twenty-four  hours.  Thb  quantity  is,  however,  sub- 
ject to  great  variation.  An  increase  is  thus  frequently  noted  in 
pregnancy,  in  various  neurotic  conditions,  in  tabes,  bulbar  paralysis, 
in  inflanm[iatory  diseases  of  the  mouth,  in  dental  caries,  following 
the  adminbtration  of  pilocarpine,  in  poisoning  with  mercury,  acids, 
and  alkalies,  etc.  The  quantity  is  diminished  in  all  febrile  diseases, 
in  diabetes,  and  often  in  nephritb.  The  eflFect  of  psychic  influences 
upon  the  secretion  of  saliva  as  well  as  of  other  glands  b  well  known, 
an  increase  or  decrease  in  the  flow  being  produced  under  various 
conditions. 

In  determining  whether  or  not  salivation  actually  exbts,  the  physi- 
cian should  not  only  be  guided  by  the  statements  of  the  patient, 
but  an  actual  estimation  of  the  amount  secreted  within  a  definite 
period  of  time  should  be  made.  Nervous  individuab  not  infrequently 
complain  of  "salivation,"  when  a  direct  estimation  will  show  that 
the  amount  b  not  only  not  increased,  but  actually  diminished. 

An  acid  reaction  has  been  noted  in  various  dbeases  of  the  intestinal 
tract,  in  febrile  dbeases,  and  notably  in  diabetes.  According  to 
Strauss  and  Cohn,  however,  an  alkaline  reaction  b  the  rule  even  under 
pathological  conditions. 

Among  the  qualitative  changes  may  be  mentioned  an  increase  in 
the  amount  of  urea,  which  has  been  repeatedly  observed  in  nephritis. 

Urea  may  be  demonstrated  as  follows:  The  saliva  is  extracted 
with  alcohol,  the  filtrate  evaporated,  and  the  residue  dissolved  in 
amyl  alcohol.  ITib  b  allowed  to  evaporate  spontaneously,  when 
crystab  of  urea  will  separate  out,  and  may  be  further  examined  (see 
Urine). 

Bile-pigment  and  sugar  have  not  been  found  in  the  saliva. 

*  Dennis'  System  of  Surgery;  Surgical  Bacteriology. 
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SPECIAL  DISEASES  OF  THE  MOUTH. 

Tuberculosis. — In  cases  of  lupus  and  the  so-called  benign  form 
of  tuberculosis  of  the  mouth  it  b  rarely  possible  to  demonstrate  the 
presence  of  tubercle  bacilh,  even  in  scrapings  taken  from  the  base 
of  the  ulcers  or  in  the  diseased  tissue  itself,  while  in  cases  of  ulcer- 
ative stomatitis  associated  with  phthisis  in  its  advanced  stages  they 
may  be  frequently  found  in  large  numbers.  In  some  cases,  however, 
their  demonstration  is  by  no  means  easy.  In  the  saliva  thqr  are 
only  exceptionally  seen. 

Actinomycosis. — In  cases  of  actinomycosis  it  is  occasionally  pos- 
sible to  demonstrate  the  presence  of  the  specific  organism  in  or  about 
carious  teeth.  More  commonly,  however,  the  patients  are  not  seen 
until  the  primary  symptoms  of  the  disease  have  disappeared,  when 
the  typical  kernels  can  no  longer  be  found  at  the  original  points 
of  entry  or  have  become  unrecognizable  owing  to  calcification  and 
retrogressive  changes. 

Usually  the  disease  has  already  progressed  to  the  formation  of  a 
distinct  tumor  or  abscess,  and  it  may  then  be  necessary  to  make  an 
exploratory  incision,  and  to  examine  the  scrapings  which  are  brought 
away.  The  number  of  kernels  which  may  be  found  is  at  times  very 
small,  but  a  careful  examination  will  probably  always  lead  to  their 
detection  if  the  disease  in  question  is  actinomycosis. 

Catarrhal  Stomatitis. — In  this  affection  the  quantity  of  saliva 
is  increased.  Microscopically  an  increased  number  of  epithelial 
cells  and  many  leukocytes  are  noted,  their  number  depending  upon 
the  intensity  of  the  morbid  process. 

Ulcerative  Stomatitis. — In  this  condition,  following  mercurial 
poisoning  or  scurvy,  the  same  appearance  is  noted  microscopically 
as  in  simple  stomatitis.  In  addition  there  may  be  necrotic  tissue, 
red  blood  corpuscles,  and  innumerable  leukocytes.  The  reaction  of 
the  saliva  is  intensely  alkaline,  the  color  markedly  brown,  and  its 
odor  fetid. 

Gonorrheal  Stomatitis. — The  number  of  cases  of  gonorrheal 
stomatitis  that  have  thus  far  been  recorded  is  small.  The  disease, 
however,  has  received  but  little  attention,  and  is  probably  more 
common  than  is  generally  supposed.  In  suspected  cases  the  exudate 
which  forms  upon  the  gums,  the  tongue,  and  the  palate  should  be 
examined  for  gonococci. 

Thrush. — Oidium  albicans  (Fig.  58)  is  most  commonly  seen  in 
children,  but  may  also  occur  in  adults,  and  esj>ecially  in  phthisical 
individuals,  and  sometimes  lines  the  entire  mouth.  If  in  such  cases 
a  bit  of  the  membrane  is  pulled  off  and  examined  microscopically,  it 
will  be  found  to  consist  of  epithelial  cells,  leukocytes,  and  granular 
detritus,  with  a  network  of  branching,  hand-like  formations,  which 
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present  distinct  segments.     The  contents  of  the  segments  are  clear, 
and  usually  contain  two  highly  refractive  granules — the  spores,  one 
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of  wluch  is  situated  at  each  pole.  These  segments  diminish  in  size 
toward  the  end  of  each  band,  their  contents  at  the  same  time  becom* 
ing  slightly  granular. 

Tartar. — In  a  bit  of  tartar  scraped  from  the  teeth  actively  moving 
spirochetes  are  seen,  as  well  as  long,  usually  segmented  bacilli,  fre- 
quently forming  bands  which  are  colored  bluish  red  by  a  solution  of 
iodopotassic  iodide.  I^ptothrix  buccalis,  shorter  bacilli  (which  are 
not  colored  by  this  reagent),  micrococci,  and  a  large  number  of  leuko- 
cytes and  epithelial  cells  which  have  undergone  fatty  degeneration, 
are  also  found.  Infusoria  have  been  found  by  Sternberg,  P.  Cohn- 
heim,  v.  Leyden,  and  others. 


OOATina  OF  THS  TONGUI. 

A  brown  coating  of  the  tongue  b  often  observed  in  severe  infectious 
diseases,  and  consists  of  remnants  of  food  and  incrustated  blood. 
Microscopically,  in  a<ldition  to  a  large  number  of  epithelial  cells, 
enormous  numbers  of  microdt^nisms  and  a  large  number  of  dark, 
cell-like  structures,  probably  derived  from  desquamated  epithelial 
celb,  are  found.  The  white  coating  of  the  tongue  contains  epithelial 
cells,  many  microorganisms,  and  a  few  salivary  corpuscles. 


OOATINO    or    THE    TONSILS. 

pharyngomycoaiB  Leptothrica.- — In  the  pyoid  masses  derived  from 
the  crypts  of  the  tonsils  in  cases  of  follicular  tonsillitis,  and  also  in 
persons  who  have  had  frequent  attacks  of  tonsillitis,  large  numbers 
of  lymphocytes  of  all  sizes  are  seen,  be.sides  epithelial  cells  and  long. 
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segmented  fungi — the  Leptothrix  buccals  (Fig.  59) — which  are 
colored  bluish  red  by  a  solution  of  iodopotassic  iodide.  Ordinary 
polynuclear  neutrophiles  are  only  present  in  small  numbets.  At 
times  patche.s  composed  of  these  fun^  extend  over  a  considerable 
area  of  the  tonsib,  so  that  it  may  be  doubtful  whether  or  not  the 
disease  is  a  l>epnning  diphtheria. 

More  extensive  invasions  have  been  described  by  Dubler,  who  noted 
a  leptothrix  mycosis  involving  the  pharynx,  esophagus,  and  laiynx; 
and  by  Baj^nsky  in  the  case  of  the  pharynx,  tmchea,  and  nose. 
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TonsillitlB. — In  tonsilli^  a  large  number  of  bacteria  have  been 
isolated  fiom  the  pseudomembranous  deposits.  Among  the  more 
important  which  are  supposed  to  bear  a  causative  relation  to  the  dis- 
ease may  be  mentioned  tlie  various  streptococci,  staphylococci,  less 
commonly  the  pneumococcus,  the  Micrococcus  catarrhalis,  the  Bacillus 
coli  communis,  the  bacillus  of  Friedlandcr,  the  Bacillus  septiciemifE 
sputi,  and  in  a  fen  isolated  instances  the  Micrococcus  tetragenus. 
In  many  cases  in  which  tonsillar  deposits  are  clinically  regarded  as 
diphtheritic  culture  rc\eali  onlv  an  abundance  of  the  thrush  fimgus. 

Meyer,'  in  v.  IjevdenS  chnic,  succeeded  in  cultivating  a  diplo- 
streptococcus  from  the  tonsils  in  hve  cases  of  acute  rheumatism  with 
angina,  and  reports  that  bouillon  cultures  of  the  oi^nism  produced 
characteristic  polyarti<'ular  arthritis  in  rabbits.  The  same  organism 
apparently  was  also  obtained  by  Allaria'  in  Bozzolo's  clinic,  and  it 
is  interesting  to  note  that  lits  cases  resultcl  from  manifest  contagion. 
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Vincent's  Angina. — ^In  cases  of  Vincent's  angina  (ulceromembranous 
angina  and  stomatitis)  smears  from  the  exudate  will  be  seen  to  contain 
innumerable  organbms  which  are  essentially  of  two  types,  viz.,  spirilla 
and  long,  fusiform  bacilli  (Fig.  60).  Occasionally,  though  exception- 
ally, the  bacilli  only  may  be  found.  The  spirilla  usually  present  three 
or  four  convolutions  and  are  generally  actively  motile.  They  measure 
from  36  to  40  /i  in  length  by  0.5  ft  in  breadth.  The  bacilli  measure 
from  6  to  12  /i  in  length  and  are  somewhat  stouter  in  the  middle 
than  at  the  ends.  They  may  occur  in  twos,  joined  end  to  end,  and 
usually  scattered  uniformly  throughout  the  preparation.  They  are 
non-motile.  Spirilla  and  bacilli  are  readily  stained  with  a  dilute 
solution  of  carbol  fuchsin  (1  to  20),  which  should  be  filtered  before 
use.     LoflBer's  blue  and  gentian-aniline  water  may  likewise  be  used. 

The  bacilli  are  obligate  anaerobes;  the  spirilla  may  be  obtained 
together  with  the  bacilli  in  mixed  cultures. 

Of  late  the  opinion  has  been  expressed  that  the  spirilla  and  bacilli 
may  represent  stages  in  the  life  history  of  a  trypanosome. 

Both  organisms  have  occasionally  been  found  associated  with 
diphtheria  bacilli. 

The  disease  seems  to  be  more  common  than  was  first  thought. 
The  earlier  cases  were  reported  by  Vincent,  Bemheim,  Conrad,  and 
others.  In  the  United  States  the  disease  has  been  described  by 
Mayer,  Fisher,  Crandall,  Weaver  and  TunnicliflF,  Berkeley,  and  others. 

Literature. — J.  W.  Byers,  Lancet  and  Brit.  Med.  Joum.,  January  9,  1904. 
Weaver  and  Tunnicliff,  Joum.  of  Infect.  Dis.,  1905  vol.  ii,  p.  446.  Berkelev, 
Med.  News,  1905,  vol.  xxxvi,  p.  976.    Wright,  1904,  July  4,  p.  73. 

Diphtheria. — ^Recognizing  the  great  importance  of  an  early  diagnosis 
in  cases  of  diphtheria,  an  examination  for  LofBer's  bacillus  has  become 
just  as  important  today  as  that  for  the  bacillus  of  tuberculosis. 

By  means  of  a  stout  platinum  loop,  a  pair  of  forceps,  or  a  cotton 
swab,  a  piece  of  membrane  is  scraped  from  the  tonsils,  the  soft  palate, 
or  the  pharynx.  From  this  cultures  are  prepared  as  described  below ; 
at  the  same  time  smears  are  made  on  slides  and  fixed,  when  air  dry,  by 
l)eing  passed  several  times  through  the  flame  of  a  Bunsen  burner. 
They  are  then  stained  for  five  to  ten  minutes  in  Loffler's  alkaline 
solution  of  methylene  blue,  which  consists  of  30  c.c.  of  a  concentrated 
alcoholic  solution  of  methylene  blue  in  100  c.c.  of  an  aqueous  solution 
of  potassium  hydrate  (1  to  10,000).  They  are  then  rinsed  in  water, 
dried  and  examined  with  a  jj  oil-immersion  lens. 

A  rapid  method  of  staining,  and  one  which  also  gives  satisfactory 
results,  is  suggested  by  Neisser.  The  organism  is  grown  on  ox-blood 
serum  and  examined  after  nine  to  twenty-four  hours.  The  air-dried 
smears  are  placed  for  one  to  three  seconds  in  a  solution  composed  of 
20  c.c.  of  an  alcoholic  solution  of  methylene  blue  (1  to  20  c.c.  of  90 
per  cent,  alcohol),  950  c.c.  of  distilled  water,  and  30  c.c.  of  glacial 
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acetic  acid.  '^They  are  then  washed  in  water,  stained  for  three  to 
five  seconds  in  a  0.2  [ler  cent,  hot  and  filtered  aqueous  solution  of 
vesuvin,  again  washed  off,  dried  in  the  air,  and  mounted  in  balsam, 
llie  bacilli  are  brown  and  have  in  their  interior  2  to  4  blue  granules 
which  are  usually  located  near  the  poles. 

ITie  following  method  also  may  be  employed,  as  suggested  by 
SchaufHer.     The  staining  reagent  has  the  following  composition: 

Filtered  solution  of  Laffler's  methylene  blue 10.0  c.c. 

Filtered  solution  of  pyronin  (0.5  grain  to  10  c.c.  of  water)    .  1.5  c.c. 
Acid  alcohol  (3  c.c.  of  25  per  cent  nydrochloric  acid  to  07  c.c. 

of  absolute  alcohol) 0.5  c.c. 

Cover-glass  specimens  are  stained  for  one  minute;  they  are  then 
washed  in  running  water  and  mounted  in  balsam  as  usuaL  The 
bacilli  are  stained  blue,  the  pole  bodies  a  bright  ruby  red. 

Pseudodiphtheritic  bacilli  are  said  to  take  only  the  blue  stain  with 
this  method. 

The  organism  grows  best  on  Lofflers  blood  serum;  upon  this  }t 
develops  so  much  more  rapidly  than  other  organisms  which  are  usually 
present  in  the  secretions  of  the  mouth  and  throat,  that,  after  six  to 
eight  hours'  incubation  at  34*^  to  35°  C,  it  often  forms  the  only  colonies 
that  attract  attention.  Smears  are  then  made  and  stained  according 
to  Neisser's  or  Loffler's  method. 

In  the  absence  of  blood  serum,  bouillon,  nutrient  gelatin,  nutrient 
agar,  glycerin  agar,  and  potato  may  be  employed.  Coagulated 
egg  albumen,  as  pointed  out  by  Booker,  and  milk  are  also  good  media. 
But  it  is  to  be  noted  that  the  **typicar'  staining  effect  with  Neisser's 
method  is  commonly  only  obtained  if  the  organism  has  been  grown 
on  ox-blood  serum,  and  if  the  growth  is  not  older  than  twenty-four 
hours. 

Acconling  to  Knapp  the  true  bacilli,  in  contradistinction  to  the 
pseudodiphtheria  bacilli,  will  ferment  dextrose  and  maltose.  The 
Bacillus  xerosis  will  do  the  same.  In  contradistinction  to  the 
diphtheria  organism  the  Bacillus  xerosis  will  ferment  cane  sugar; 
the  former,  in  contradistinction  to  the  xerosis,  will  ferment  dextrin. 
The  fermentation  tests  must  be  made  with  the  litmus  serum-water 
media  of  His.^  Results  after  twenty-four  hours'  growth  at  37°  C. : 
Pseudodiphtheria — none  of  the  sugars  fermented;  media  remain 
blue.  Diphtheria — dextrose,  mannite,  maltose,  and  dextrin  fer- 
mented; media  nn^l  and  coagulated.  Saccharose  not  fermented. 
Xerosis  bacillus — dextrose,  mannite,  maltose,  and  saccharose  fer- 
mented with  acid  production;  media  red  and  coagulated.  Dextrin 
not  fermented.  The  Bacillus  xerosis,  moreover,  forms  a  very  thin 
scum  or  pellicle  on  the  surface  of  the  media  which  is  absent  with 
the  other  bacteria. 

*  Joum,  of  Med.  Res.,  vol.  xii,  p.  475-478.     8ce  also  Appendix:  Media, 
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The  colonies  are  large,  round,  elevated,  and  grayish  white  in 
color,  vith  a  centre  that  is  more  opaque  than  the  slightly  irregular 
periphery.  The  surface  of  the  colony  is  at  6rst  moist,  but  after  a 
day  or  two  it  assumes  a  dry  appearance. 


Fia.  60.-  Spinlln  and  I 
Fm.  61.— Ctuuteriiili 


etubbed _  __. 

Fia.  ez.— B.  diphtbsrir.  FnTty-dtbt  b 
modcntE  nuDibFr  ol  Mcmcnta,  On«  y. 
(Pu-k.) 

Fio.  ft3.— CaloDia  uf  diphtheiu  builU. 


Fio.  S3. 
bdcilli  of  Vincent's  snlina. 
of  ftiphtbpria  bacilli  froDi    blood-verum   t 
X  llOOdiunetcrs.     (Park.) 
'-dihi  boun' sosr  culture.   Thick,  medium- 


The  bacillus  (Figs.  61, 62,  and  63)  is  non-molile  and  varies  in  size  and 
shape,  its  average  length  being  from  2.5  to  3  /<,  its  breadth  from  0,5  to 
0.8  /(.  Its  morphological  characteristics  are  so  peculiar  as  to  render 
its  identification  upon  cover-slip  preparations  and  in  sections  of  the 
diphtheritic  membrane  an  easy  matter  in  most  cases. 
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Sometimes  the  organism  appears  as  a  straight  or  slightly  curved 
rod;  but  especially  characteristic  are  irregular  and  often  bizarre 
forms,  such  as  rods  with  one  or  both  ends  terminating  in  little  bulbs 
and  rods  apparently  broken  at  intervals,  in  which  short,  well- 
defined,  round,  oval,  or  straight  segments  can  be  made  out.  Veiy 
commonly  two  organisms  lie  together  forming  an  obtuse  angle,  or 
numbers  of  them  may  be  observed  lying  side  by  side. 

Some  forms  stain  uniformly,  others  in  an  irregular  manner;  the 
most  typical  appearance  is  that  of  little  granules  near  the  poles  of 
the  bacillus,  which  stain  blue  with  Neisser's  method,  while  the  body 
of  the  organism  is  colored  brown. 

Streptococci  are  also  seen  as  a  rule,  and  it  may  be  said  that  the 
gravity  of  a  case  is  directly  proportionate  to  the  number  of  strep- 
tococci present. 

It  is  important  to  note  that  diphtheria  bacilli  may  still  be  found 
in  the  throat  for  weeks  after  all  clinical  symptoms  have  disappeared. 
Patients  should  hence  be  isolated  until  a  bacteriological  examination 
has  demonstrated  the  absence  of  the  organism. 

Literature. — S.  Flexner,  '*The  Bacteriologv  and  Pathology  of  Diphtheria, ' 
Johns  Hopkins  Hosp.  Bull.,  1895,  p.  39.  W.tt.  Welch,  Amer.  Jour.  Med.  Sci., 
1894.  Heubner,  Schmidt's  Jahrbiicher  d.  gesainmten  Med.,  1892,  vol.  ccxxxvi, 
p.  270.  Klebs,  Arch.  f.  exper.  Path.,  1875,  vol.  iv,  p.  207.  Ldffler,  Centraibl. 
f.  Bakt.  u.  Parasit.,  1887,  vol.  ii,  p.  105:  and  1890,  vol.  vii,  p.  528.  C.  Frfinkel, 
"Die  Unterscheidung  d.  echten  u.  d.  falschen  Diphtheriebacillen,"  Berlin,  klin. 
Woch.,  1897,  p.  1087.     W.  G.  Schauffler,  Med.  Record,  December  6,  1902. 

Scarlatina. — According  to  Baginsky,  streptococci  are  practically 
constantly  found  in  the  pharyngeal  secretion. 

Literature. — A.  Baginsky,  Deutsch.  med.  Woch.,  October  23,  1902. 

Glandular  Fever. — According  to  Neumann  and  Comby,  glandular 
fever  generally  depends  upon  infection  with  a  streptococcus.  In  the 
case  reporte<l  by  Lande  and  Froin  and  by  Hirtz^  bacteriological 
examination  of  the  throat  at  the  height  of  the  febrile  stage  revealed 
the  presence  of  the  pneumococcus  in  a  virulent  condition. 

'  Landc  et  Froin,  Rev.  mensuclle  des  Mai.  dc  TEnfance,  1901,  p.  78. 


CHAPTER   III. 

THE  GASTRIC  JUICE  AND  GASTRIC  CONTENTS. 

THE  SECRETION  OF  GASTRIC  JUICE. 

The  gastric  juice  is  the  result  of  the  glandular  activity  of  the 
stomach,  and  is  the  only  secietion  of  the  digestive  tract  which  pre- 
sents an  acid  reaction. 

As  is  well  known,  the  mucous  membrane  of  the  stomach  is  cov- 
ered throughout  its  entire  extent  by  a  single  layer  of  cylindrical 
epithelium,  which  dips  down  in  places  to  line  the  orifices  and  larger 
ducts  of  the  numerous  tubular  glands  with  which  it  is  beset.  Of 
these,  two  kinds  are  descril)ed,  viz.,  the  fundus  and  pyloric  glands, 
so  named  from  the  location  in  which  they  are  principally  found. 
In  the  secretory  portion  of  a  fundus  gland  two  sets  of  cells  can  be 
distinguished.  The  one  kind  is  small,  granular,  and  polyhedral  or 
columnar,  bortlering  upon  the  narrow  lumen  of  the  tube:  these  are 
termed  the  chief  or  principal  cells  (Heidenhain),  but  are  also  known 
as  the  central  or  adelomor})hous  cells.  They  stain  with  aniline  dyes 
to  only  a  slight  extent.  The  others,  known  as  parietal,  adelomor- 
phous, oi  oxyntic  cells,  are  variously  situated  between  the  adelomor- 
phous cells  and  the  membrana  propria;  they  are  most  numerous 
in  the  necks  of  the  glands.  They  are  larger  than  the  chief  cells,  oval 
or  angular  and  finely  granular  in  stnicture;  they  possess  a  strong 
affinity  for  the  aniline  dyes.  The  pyloric  glands,  which  are  found 
only  in  the  region  of  the  pylorus,  on  the  other  hand,  are  character- 
ized by  the  greater  length  of  their  ducts,  which  are  also  lined  by 
the  cylindrical  epithelium  of  the  mucous  membrane  proper.  The 
secretory  portion  of  these  glands  is  represented  by  a  single  layer  of 
short  and  finely  granular,  columnar  cells,  which  closely  resemble  the 
chief  cells  of  the  fundus  glands.  In  addition  to  these,  a  few  isolated 
cells,  the  cells  of  Nussbaum,  are  found,  which  in  structure  and  in 
their  behavior  to  aniline  dyes  resemble  the  parietal  cells. 

Upon  chemical  examination  the  gastric  juice  is  found  to  consist 
essentially  of  water,  free  hyclrochloric  acid,  pepsin,  rennet  (a  milk- 
curdling  ferment),  lipase,  mucus,  and  certain  mineral  salts. 

Of  these  constituents  hydrochloric  acid  is  secreted  by  the  parietal 

cells,  pepsin,  the  milk-curdling  ferment,  and  lipase  by  the  chief 

cells  of  the  fundus  and  the  pyloric  glands,  while  the  mucus  is  the 

product  of  the  cylindrical  goblet-cells  lining  the  stomach  and  the 

14 
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wider  portions  of  its  glandular  ducts.  It  should  be  borne  in  mind 
that  the  ferments  do  not  exist  in  the  cells  as  such,  but  as  zymogens, 
which  are  transformed  into  the  ferments  through  the  activity  of  the 
free  hydrochloric  acid.  According  to  modem  investigations,  more- 
over, the  zymogens  only  are  secreted  by  the  cells. 

Until  recently  it  was  supposed  that  the  gastric  juice  is  secreted  only 
upon  appropriate  stimulation  of  the  nervous  mechanism  of  the  stom- 
ach, either  directly  or  indirectly,  and  that  the  stomach  in  its  quiesc«it 
state — Le.f  when  not  digesting — is  empty.  The  researches  of 
Schreiber  and  Martius,  however,  have  rendered  the  correctness  of 
this  view  doubtful,  as  they  were  able  to  obtain  quantities  of  gastric 
juice,  varying  from  1  to  60  c.c,  from  the  non-digesting  stomach  of 
every  normal  person  examined. 

Test  Meals. — As  the  amount  of  hydrochloric  acid  which  is 
secreted  varies  with  the  amount  and  the  character  of  the  food 
ingested,  it  has-  been  found  useful  for  purposes  of  comparison  to 
make  analyses  after  the  administration  of  test  meals  of  constant 
composition.    The  most  important  test  meals  are  the  following: 

The  Test  Breakfast  of  Ewald  and  Boas. — ^l^his  consists  of  35 
grams  of  wheat  bread  and  400  c.c.  of  water  or  weak  tea,  without 
sugar.  It  is  best  to  give  this  meal  to  the  patient  early  in  the  morning, 
when  the  stomach  is  empty — i.  ^.,  as  a  breakfast,  and  in  cases  of 
dilatation  or  of  marked  atony,  after  previous  lavage.  The  gastric 
contents  are  obtained  one  hour  later. 

The  Test  Breakfast  of  Boas. — This  consists  of  a  plateful  of 
oatmeal  soup,  prepared  by  boiling  down  to  500  c.c.  one  liter  of  water 
to  which  one  tal)lespoonful  of  rolle<l  oats  has  been  added.  A  little 
salt  may  be  used  if  desired,  but  nothing  more.  The  contents  of  the 
stomach  are  ol)tained  one  hour  later.  This  test  meal  was  devised 
by  Boas  in  order  to  guard  against  the  introduction  from  without  of 
lactic  acid,  which  is  present  in  all  kinds  of  bread.  The  meal  is  em- 
ployed in  cases  of  suspected  cancer  of  the  stomach  in  which  a  quanti- 
tative estimation  of  lactic  acid  is  to  be  made,  the  stomach  being  washed 
out  completely  the  night  before. 

The  Test  Dinner  of  Riegel. — This  consists  of  a  plate  of  soup 
(400  c.c),  a  beefsteak  (150  to  200  grams),  and  150  grams  of  mashed 
potatoes.  The  contents  of  the  stomach  are  obtained  after  four 
hours.  The  disadvantage  of  this  method  lies  in  the  fact  that  the 
lumen  of  the  stomach  tube  is  fre(iuently  occluded  by  pieces  of  undi- 
gested meat,  a  source  of  annoyance  which  may  be  guarded  against 
by  using  finely  choi)ped  meat.  Moreover,  a  {)ositive  lactic  acid  reac- 
tion (referable  to  sarcolactic  acid)  is  obtained  in  a  large  number  of 
cases,  and  entirely  irrespective  of  the  amount  of  hydrochloric  acid 
present. 

The  Double  Test  Meal  of  Salzer. — For  breakfast  the  patient  receives 
30  grams  of  lean,  cold   roast,  hashed  or  cut  into  strips  suflBciently 
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small  not  to  obstruct  the  stomach  tube;  250  c.c.  of  milk;  60  grams  of 
rice,  and  1  soft-boiled  egg.  Exactly  four  hours  later  the  second  meal 
is  taken,  consisting  of  35  to  70  grams  of  stale  wheat  bread  and  300 
to  400  c.c.  of  water.  The  gastric  contents  are  withdrawn  one  hour 
later.  In  this  manner  the  gastric  juice  is  not  only  obtained  at  the 
height  of  digestion,  but  an  idea  may  at  the  same  time  l>e  formed  of 
the  motor  power  of  the  stomach.  Under  normal  conditions  the  organ 
should  contain  no  remnants  of  the  first  meal  at  the  time  of  examination. 

The  Stomach  Tube. — The  stomach  tubes  in  general  use  are 
essentially  large  N^aton  catheters.  They  should  measure  from  72 
to  75  cm.  in  length,  and  be  provided  with  three  fenestra,  of  which  one 
is  placed  at  the  end  of  the  tube  and  two  lateratly,  as  near  the  end  as 
possible.  For  the  puqxise  of  washing  out  the  stomach  the  tube  is 
connected  with  a  glass  funnel. 

It  is  important  that  the  tubes  should  be  thoroughly  cleansed  in 
hot  water  as  soon  after  use  as  possible.  The  advice  of  Boas,  more- 
over, to  have  special  marked  tubes  for  tuber- 
culous, syphilitic,  and  carcinomatous  patients 
should  be  borne  in  mind.  Patients  in  whom 
lavage  is  to  be  practised  for  any  length  of 
time  should  provide  their  own  instruments. 

Oontra-indications  to  tho  Use  of  the  Tnb«. — 
Of  direct  contra-indications  to  the  use  of  the 
tube  there  should  be  mentioned  the  existence 
of  the  various  forms  of  valvular  disease  when 
in  a  state  of  imperfect  compensation,  angina 
pectoris,  arteriosclerosis  of  high  degree,  aneu- 
rysm of  the  large  arteries,  recent  hemorrhages 
from  whatever  cause,  marked  emphysema 
with  intense  bronchitis,  acute  febrile  dis- 
eases, etc. 

iBtrodnetioD  of  tbe  Tube. — The  technique 
of  the  introduction  of  the  tube  should  be 
as  simple  as  possible;  the  exhibition  of 
complicated  bottle  arrangements  for  the 
purpose  of  obtaining  tbe  gastric  juice  only 
adds  to  the  excitement  of  a  nerv'ous  jiatient, 
and  should  be  avoided.  The  patient's  cloth- 
ing and  floor  of  the  room  should  be  pro- 
tected from  being  soiled  by  material  that 
may  be  vomited  along  the  sides  of  the  tulje, 
the  dribbling  of  saliva,  etc.  For  this  purpose,  Turk's  rubber  bib' 
with  pouch  may  l>e  advantageously  employed. 

Cocainization  of  the  pharynx  is  not  necessary,  but  may  be  resorted 

to  in  hyperesthetic  individuals,  a  10  percent,  solution  being  employed. 

'  Manufactured  by  G.  Ticmanu  A  Co.,  New  York. 
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The  tube,  held  like  a  pen,  is  passed  to  the  posterior  wall  of  the 
pliarynx,  the  patient  bending  his  heat!  forward,  and  not  backvxiTd, 
as  is  usually  advised.  The  patient  is  then  told  to  swallow,  'llie 
tube  is  pushed  until  resistance  is  felt  when  it  meets  with  the  floor  of 
the  stomach.  At  the  least  sign  of  cyanosis  or  of  marked  pallor  the 
tube  should  be  withdrawn  at  once,  and  the  patient  observed  for  a 
day  or  two  before  a  second  attempt  is  made. 

If  the  gastric  juice  does  not  flow  at  once,  the  patient  is  instructal 
to  bear  down  with  his  aI>dominal  muscles,  and,  if  this  is  insufficient, 
to  cough  a  little.  Repeated  ttttem]>ts  of  this  kind  will  usually  bring 
about  the  desired  result,  unless  the  tube  has  not  been  introduced  far 
enough  or  too  far;  in  the  latter  case  it  will  double  upon  itself,  so 
that  its  end  rises  above  the  level  of  the  liquid.  Pressing  uf>on  the 
abdomen  with  the  hands  is  of  no  effect  (Method  of  Expression). 

Aspiration  must  at  times  l>e  employed.  For  this  purpose  Boas' 
bulbed  tulw  (Fig.  64)  is  convenient,  'Fhe  manner  in  which  it  is  used 
is  the  following:    The  pro.\inial  end  of  the  tube,  after  having  been 


intnxhioeil  into  the  stoiiuK-h,  is  c(>mpres.se<l  and  the  bulb  squeezed, 
when  the  distal  end  is  ilamped  anil  the  bulb  anowe<l  to  expand.  A 
jmrtial  vacuum  is  thus  pnMluced,  which  usually  has  the  desired  effect. 
In  the  absence  of  such  nn  instrument  the  stomach  tube  may  be  con- 
nected with  a  iKjftle,  in  which  a  partial  vacuimi  has  been  established 
by  aspiration  (Fig.  (i-i).  Unless  the  patient  is  accustome<l  to  the  intro- 
duction of  the  tube,  however,  these  more  complicated  procedures 
should  be  avoidetl  as  much  as  possible  (Method  of  Aspiration). 

In  order  to  wash  out  the  stomach,  the  funnel  is  filled  with  lukewarm 
water  or  any  desired  medicated  solution,  elevated  above  the  head  of 
the  patient,  and  the  water  allowed  to  How.  From  5(H)  to  1000  c.c.  may 
be  introduced  at  one  time.  By  ijepn'.s.sing  and  inverting  the  funnel 
over  a  suitable  vessel  before  all  water  has  left  the  funnel  a  siphon 
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arrangement  is  established  and  the  stomach  emptied.  It  is  well  to 
measure  the  returning  water  as  well  as  the  amount  introduced.  Should 
the  flow  diminish  or  cease  before  all  the  water  has  been  removed,  the 
end  of  the  tube  probably  stands  above  the  level  of  the  liquid,  and  the 
flow  can  be  started  again  by  pushing  the  tube  on  farther  or  by  with- 
drawing it  a  little,  as  the  case  may  be. 

Washing  out  the  stomach  soon  after  the  ingestion  of  a  full  meal  is 
always  very  tedious  and  annoying,  if  not  an  impossible  procedure, 
as  the  fenestra  readilv  become  obstructed.  Should  this  occur,  the 
funnel,  filled  with  water,  is  elevated  as  high  as  possible,  with  a  view 
to  overcome  the  obstruction  by  hydrostatic  pressure ;  or,  if  this  proves 
insufficient,  the  funnel  is  detached  and  the  obstruction  is  lodged  by 
means  of  air,  for  which  purpose  a  Politzer  bag  or  the  bulb  of  a  Boas 
tube  is  very  convenient. 


GENERAL  OHARAOTERISTIOS  OF  THE  GASTRIC  JUICE. 

Pure  gastric  juice  is  an  almost  clear,  faintly  yellowish  fluid,  of  a 
sour  taste  and  a  peculiar  characteristic  odor.  Its  specific  gravity 
varies  between  l.(X)2  and  1.003,  corresponding  to  about  0.5  per  cent. 
of  solids.  Its  reaction,  owing  to  the  presence  of  hydrochloric  acid, 
is  acid. 

Amount. — Very  little  is  known  of  the  total  quantity  of  gastric  juice 
that  is  secreted  in  the  twenty-four  hours.  The  figure  given  by  Beau- 
mont,^ viz.,  180  grams  pro  die,  based  upon  observations  made  upon 
the  often-quoted  Canadian  hunter,  Alexis  St.  Martin,  is  undoubtedly 
too  low.  The  amount  given  by  Bidder  and  Schmidt,^  viz.,  that  corre- 
sponding to  about  one-tenth  of  the  body  weight,  is  probably  more 
nearly  correct.'  It  may  be  stated  a  priori  that  the  quantity  secreted 
varies  within  wide  limits,  being  influenced  by  numerous  factors, 
notably  by  the  degree  of  the  appetite  and  the  amount  and  character 
of  the  food  taken,  especially  that  of  the  proteids.  The  age  and  sex 
of  the  individual,  the  time  of  day  (notably  in  its  relation  to  the 
ingestion  of  food),  the  emotions,  etc.,  all  influence  the  glandular 
activity  of  the  stomach.* 

From  the  non-digesting  organ  from  1  to  60  c.c.  of  gastric  juice 
may  \ye  obtained  at  one  time.  The  amount  which  can  be  procured 
during  the  process  of  digestion,  on  the  other  hand,  varies  with  the 
amount  of  liquid  ingested,  the  time  of  expression,  the  size  and  motor 

*  Experiments  and  Observations  on  the  Gastric  Juice,  Boston,  1834. 

*  Verdauungssiifte  u.  d.  Stoflfwechsel,  1S52. 

*  Griinewald's  figure—/.  <».,  1580  grains — I  likewise  regard  as  too  low. 
According  to  my  experience,  the  daily  secretion  appears  to  vary  l)etween  2000 
and  3000  c.c. 

*  See  C.  E.  Simon,  Physiological  Chemistry,  third  edition,  1907,  Lea  Bros. 
ACo. 
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power  of  the  stomach,  and  the  degree  of  transudation;  the  process 
of  resorption  probably  does  not  play  any  part,  as  it  has  been  ascertained 
that  very  little  water,  if  any,  is  absorbed  in  the  stomach. 

As  a  nile  from  20  to  60  c.c.  of  filtrate  can  normally  be  obtained 
one  hour  after  the  ingestion  of  Ewald's  test  breakfast. 

Abnormally  large  quantities  of  gastric  juice  are  practically  found 
only  in  cases  of  so-called  hypersecretion,  the  "Magensaftfluss"  of 
the  Grermans,  which  may  occur  periodically  or  continuously.  For- 
merly the  presence  of  appreciable  quantities  of  gastric  juice  in  the 
non-digesting  organ  was  regarded  as  conclusive  evidence  of  the 
existence  of  this  condition,  but  in  the  light  of  Schreiber's  researches 
this  pasition  can  no  longer  be  maintained.  The  diagnosis  should, 
hence  only  be  made  when  in  conjunction  with  the  clinical  symptoms 
of  hypersecretion  from  100  to  1000  c.c.  of  pure  gastric  juice  can  be 
obtained  from  the  non-digesting  organ.  To  this  end,  the  stomach 
should  be  emptied  completely  by  the  tube  before  retiring,  and  an 
examination  made  on  the  following  morning,  no  foods  or  liquids 
being  allowed  in  the  mean  time. 

In  various  pathological  conditions  abnormally  large  quantities  of 
liquid  may  be  obtained,  which  cannot  be  regarded  as  gastric  juice,  how- 
ever.    Attention  will  be  drawn  to  these  conditions  at  another  place. 


CHEMICAL  EXAMINATION  OF  THE  GASTRIC  JUICE. 

The  Acidity  of  the  Gastric  Juice  is  Referable  to  the  Presence 
of  Free  Hydrochloric  Acid. — It  has  been  conclusively  demonstrated 
by  Sc*hmi(lt  that  the  acidity  of  the  gastric  juice  is  due  to  the  presence 
of  frt*e  hvdrochloric  acid  and  to  this  onlv.  After  accurately  deter- 
mining  the  amount  of  chlorine  and  all  basic  substances  present,  it 
was  found  that  after  the  latter  had  been  saturated  a  quantity  of 
hydrochloric  acid  still  remained,  which  in  the  dog  varied  l>etween 
0.25  and  0.42  per  cent.,  with  an  average  of  0.33  per  cent.  The 
amount  of  free  acid  was  also  determined  bv  titration  and  the  same 
results  reached  as  by  gravimetric  analysis. 

While  it  can  thus  be  regarded  as  an  established  fact  that  hydrochlo- 
ric acid  only  is  found  in  the  gastric  jiii(T,  such  as  it  is  secreted,  there 
can  be  no  doubt  that  traces  of  lactic  acid  mav  be  found  in  the  vStomach 
contents  (hiring  the  process  of  digestion.  These  traces,  however,  have 
been  introduced  from  without. 

The  time  at  which  hydrocliloric  acid  will  appear  in  the  free  state 
depends  cxricris  paribus  upon  the  fjuantity  of  albumins  ingested. 
With  Ewald's  test  breakfast  it  apj)ears  after  thirty-five  minutes  and 
reaches  its  maximum  between  fifty  and  sixty  minutes  after  eating. 
W^ith  Riegel's  meal  the  time  is  longer;  it  appears  after  one  hundred 
and  twenty  to  one  hundred  and  fifty  minutes  in  the  free  state  and 
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reaches  its  maximum  after  one  hundred  and  eighty  to  two  hundred 
and  ten  minutes. 

Under  pathological  conditions  the  amount  of  free  hydrochloric 
acid,  as  will  be  shown,  may  undergo  great  variations,  diminishing  on 
the  one  hand  to  zero,  and  increasing  on  the  other  to  0.5  per  cent.,  or 
even  more.  In  other  cases  lactic  acid  and  other  organic  acids  may 
appear  in  notable  amounts. 

Method  of  Determining  the  Total  Acidity  of  the  Gastric  Con- 
tents.— ^To  this  end  a  known  quantity  of  gastric  juice  is  titrated  with 
a  one-tenth  normal  solution  of  sodium  hy<lrate,  using  phenolphthalein 
as  an  indicator,  when  the  numl)er  of  cubic  centimeters  of  the  one- 
tenth  normal  solution  employed,  multiplied  by  the  equivalent  of  1  c.c. 
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Fig.  66. — Courne  of  the  acidity  of  the  gastric  juice  aft«r  a  test  meal  of  300  grams  of 

tea  and  50  fframs  of  bread.     (Schiile.) 

of  this  solution  in  terms  of  hydrochloric  acid,  will  indicate  the  amount 
of  acid  present,  from  which  the  percentage  acidity  is  readily  cal- 
culated. 

Method. — 5  or  10  c.c.  of  filtered  gastric  juice  are  titrated  with 
the  one-tenth  normal  solution  of  sodium  hydrate,  using  2  or  3 
drops  of  a  1  per  cent,  alcoholic  solution  of  phenolphthalein  as  an 
indicator  until  a  permanent  rose  color  appears.  The  number  of 
cubic  centimeters  of  the  one-tenth  normal  solution  employed  multi- 
plied by  ().0()365  will  indicate  the  acidity  of  the  5  or  10  c.c.  of  gastric 
juice  in  terms  of  HCl,  from  which  the  percentage  acidity  is  calcu- 
lated. 

Example. — 10  c.c.  of  gastric  juice  required  the  addition  of  6.5 
c.c.  of  the  one-tenth  normal  solution;  6.5  X  0.00365  (i.  e.,  0.0237) 
would  hence  indicate  the  acidity  of  the  10  c.c.  of  gastric  juice  in 
terms  of  HCl,  and  0.0237  X  10  =  0.237,  the  percentage  acidity. 

Or  the  result  may  be  expressed  in  terms  of  the  numl)er  of  c.c.  of 
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the  Yd  solution  which  would  be  necessary  to  neutralize  100  c.c.  of 
stomach  contents.  In  the  example  the  total  acidity  would  thus  be 
6.5  X  10  =  65.  This  method  of  indicating  results  is  indeed  the 
usual. 

Under  normal  conditions  figures  varying  from  40  to  60  are  usually 
obtained  one  hour  after  the  ingestion  of  Ewald's  test  breakfast, 
while  in  pathological  conditions  greater  variations  are  observed. 
In  acute  and  chronic  inflammatory  conditions  of  the  stomach,  as 
well  as  in  some  of  the  neuroses,  the  acidity  of  the  gastric  contents 
is  below  normal.  Higher  figures  are  met  with  in  some  cases  of  ulcer 
and  in  some  cases  of  dilatation,  but  are  especially  common  in  neurotic 
conditions;  a  degree  of  acidity  corresponding  to  90  or  even  more 
is  then  not  infrequently  observed.  Increased  acidity,  usually  asso- 
ciated with  hypersecretion  of  gastric  juice,  is  met  with  in  the  so- 
called  hypersecreflo  acida  et  coniinua  of  Reichmann. 

Preparation  of  dccinormal  alkali  solution, — A  normal  solution  of 
sodium  hydrate  is  one  containing  the  equ  valent  of  its  molecular 
weight  in  grams — i.  c,  40  grams — in  1000  c.c.  of  distilled  water;  a 
decinormal  solution  will,  therefore,  contain  4  grams  in  the  same 
volume  of  water.  This  quantity  is  dissolved  in  about  900  c.c.  and 
the  solution  brought  to  the  pmper  strength  by  titrating  it  with  a 
solution  of  oxalic  acid  of  known  strength. 

From  the  equation 

2Na()H  -f  C^HjO*  =  C^^i^iiO,  -f  2H2O, 

it  is  seen  that  2  molecules  of  NaOII  (molecular  weight  40)  com- 
bine with  1  molecule  of  C^\0^  \  2llS'>  (molecular  weight  126), 
or  4  parts  by  weight  of  the  former  with  6.3  of  the  latter.  6.3  grams 
of  chemically  pure,  crvstalline  oxalic  acid  (which  is  stable  an(l  non- 
delicjuescent)  arc  dissolved  in  1000  c.c.  of  distilled  water;  this  makes 
a  j%  normal  solution  of  the  acid.  Were  the  alkali  solution  of  the 
proper  strength  it  should  take  just  10  c.c.  to  neutralize  10  c.c.  of 
the  acid.  But  as  the  alkali  solution  .cannot  be  made  up  accurately 
from  the  start  (owing  to  inconstant  weight  from  delicjuesccnce),  and  as 
it  has  been  purposely  made  too  strong,  less  than  10  c.c.  will  be  re- 
quired, e.  jr.,  S  c.c.  It  is  then  ascertained  how  many  such  portions  of 
alkali  solution  there  are  left,  and  then  a  corresponding  amount  of 
water  is  added,  i,  r.,  an  amount  representing  the  deficit  found  as 
compared  with  the  acid  solution. 

In  the  present  example,  for  instance,  we  started  with  900  c.c.  of 
the  uncorrected  alkali  solution,  of  which  N  c.c.  were  used  in  the  test 
titration.  '^Fhere  are  reinainincj  then  S92  c.c.  For  everv  ^  c.c.  in 
this  bulk,  viz.,  1 11.5  portions,  2  c.c.  of  distilled  water  must  be  added; 
hence  111.5  -  2  =  223  c.c.  A  second  titration  is  made  to  ensure  the 
correctness  of  the  result. 

Since  UKK)  c.c.  of  the  one-tenth  normal  solution  containing  4  grams 
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of  NaOH  are  equivalent  to  3.65  grams  of  HCl,  as  is  seen  from  the 

equation 

NaOH  -l-Ha  =  Naa  +H^ 
40      36.5 

1000  c.c.  of  the  tV  normal  solution  represent  3.65         grams  of  HCl 
100   "       "        *'      "  '*  "  0.365       gram    "     " 

10   "       "        "       "  "  "  0.0365         "       "     " 

1    "       "        "      "  "       represents  0.00365      "       "     " 

It  has  been  pointed  out  that  the  reaction  of  normal  gastric  juice 
is  always  acid,  owing  to  the  presence  of  free  hydrochloric  acid,  and 
the  same  may  be  said  to  hold  good  for  the  gastric  contents  in  general 
obtained  from  normal  individuals.  Pathologically  an  acid  reaction 
is  also  the  rule,  as  in  those  cases  in  which  hydrochloric  acid  is  absent 
fatty  acids  and  lactic  acid  usually  make  their  appearance.  It  is, 
therefore,  not  surprising  that  an  alkaline,  neutral,  or  amphoteric 
reaction  is  but  rarely,  or  at  least  not  commonly,  observed  in  the 
gastric  contents  artificially  obtained,  and  practically  seen  only  in 
the  so-called  mucous  form  of  chronic  gastritis,  or  in  those  rare  cases 
of  anadeny,  in  which  a  complete  destruction  of  the  gastric  glands 
has  taken  place.  In  vomited  material,  on  the  other  hand,  such 
observations  are  common,  owing  to  the  presence  of  large  amounts 
of  saliva.  The  vomited  material  in  cases  of  so-called  vomitus 
matutinus,  which  is  usually  referable  to  a  chronic  catarrhal  condition 
of  the  pharynx,  generally  presents  an  alkaline  reaction,  owing  to 
the  fact  that  the  fluid  brought  up  is  largely  unchanged  saliva. 

The  Amount  of  Free  Hydrochloric  Acid. — Pure  gastric  juice, 
according  to  Ewald,^  Szabo,'  and  Boas,'  contains  from  2  to  3  pro 
mille  of  free  hydrochloric  acid. 

In  the  digesting  organ  such  amounts  are  met  with  only  at  the 
height  of  digestion,  and  after  all  basic  aflSnities  have  l>een  saturated. 
The  time  at  which  free  hydrochloric  acid  can  be  demonstrated  in 
the  gastric  contents  after  the  ingestion  of  a  meal  will,  hence,  vary 
with  the  character  of  the  food  and  its  amount.  When  but  little  work 
is  to  be  accomplished  free  hydrochloric  acid  is  found  much  sooner 
than  otherwise.  After  Ewald's  test  breakfast,  it  appears  in  thirty- 
five  minutes;  the  point  of  maximum  acidity  is  reached  after  from 
fifty  to  sixty  minutes,  and  corresponds  to  1.7  pro  mille.  Following 
Riegel's  meal,  on  the  other  hand,  the  free  acid  appears  after  one  hun- 
dred and  thirty-five  minutes,  and  reaches  its  highest  point  (corre- 
sponding to  2.7  pro  mille)  in  from  one  hundred  and  eighty  to  two 
hundred  and  ten  minutes. 

Clinically  it  is  necessary  to  distinguish  between  euchlorhydria,  or 
the  secretion  of  a  normal  amount  of  free  hydrochloric  acid  (0.1  to 

*  Ix>c.  cit. 

*  Zeit.  f.  physiol.  Chem.,  1877,  vol.  i,  p.  155. 

*  Loc.  cit.     See  also  A.  Schijle,  Zeit.  f.  klin.  Med.,    1896,  vols,  xxviii    and 
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0.2  j)er  cent.),  hypochlorhydria,  or  the  secretion  of  a  deficient  amount . 
(less  than  0.1  {>er  cent.),  hvi)erchlorhyclria,  in  which  more  than  0.2 
per  cent,  is  found,  and  anachlorliydria,  in  which  no  hydrochloric  acid 
at  all  is  secreted. 

Enchlorhydria. — Euchlorhydria,  when  associated  with  clinical  symp- 
toms pointing  to  gastric  demngement,  is  most  commonly  observed 
in  gastric  neun)ses.  A  chronic  gsistritis  can  always  be  excluded 
in  the  presence  of  a  normal  amount  of  free  acid.  It  may  be 
associated  with  a  certain  degree  of  atony.  It  was  fonneriy  thought 
that  a  normal  amount  of  acid  would  preclude  the  diagnosis  of  ulcer, 
hut  it  is  known  that  this  association  is  quite  possible.  The  same  is 
seen  in  pyloric  stenosis  due  to  a  healed  ulcer. 

Hypochlorhydria. — Hy|>ochlorhydria  is  associated  with  all  those 
diseavSes  in  which  the  secretor\'  elements  have  been  more  or  less 
damaged,  as  the  result  of  general  disease  (anemia,  chronic  heart 
and  renal  lesions,  phthisis,  chmnic  icterus,  many  febrile  diseases), 
or  of  l(K'al  disease,  as  in  subacute  and  chronic  gastritis,  in  some 
cases  of  ulcer  of  the  stomach  or  the  duodenum,  in  incipient  carcinoma, 
and  in  certain  cases  of  dilatation  and  atony.  ^JThe  withdrawal  of 
chlorides  from  the  food  will  also  lead  to  a  diminished  prorluction  of 
hvdrochloric  acid. 

Anachlorhydria. — Not  many  years  ago  it  was  thought  that  the 
absence  of  frt*e  hy(ln)chloric  acid  was  |)athognomonic  of  carrinoma 
of  the  stomach.  I'his  view  was  soon  abandoned,  however,  as  it  was 
shown  that  cas(\s  of  carcinoma  (K'cur  in  which  hvdrochloric  acid  is 
not  only  present,  hut  present  in  excessive  amounts.  This  is  true 
especially  of  those  cases  in  which  th(»  malignant  growth  has  started 
upon  the  base  of  an  old  ulcer.  It  is  noteworthy,  moreover,  that  in 
earlv  cases  of  carcinoma,  even  in  the  absence  of  ulcer,  hvdrochloric 
acid  may  at  times  he  demonstrable  and  then  disap|>ear  for  days  and 
weeks.  It  was  furthermore  shown  that  anachlorhvdria  exists  in 
almost  all  cases  c»f  aclvanc(Hl  chronic  gastritis,  in  pernicious  anemia 
(gastric  anadeny),  and  is  a  fairly  common  (X'currence  in  neurasthenic 
and  hysterical  individuals.  In  these  cases  ]>eriods  of  ana-  hyj)er- 
and  hyp(K*hlorhy(lria  may  alternate  apparently  without  cause.  In 
the  acute  febrile  infections  also  anachlorhvdria  is  not  uncommon. 

H3rperchlorhydria.  -  Hyperclilorliydria  (acid  stomach,  gastroxynsis) 
is  very  common  in  neiu'otic  iii(iivi(hials,  where  it  may  alternate  with 
hy])o-  and  anachltn-Jmlria.  The  same  is  seen  even  normally  during 
menstruation.  Associjitcd  with  a  ((Mitiiiuous  hypersecretiim  of  ga.stric 
juice,  it  constitutes  the  ncnn^sis  known  as  hi/pcrsrcrefio  acida  et 
rntillnua  (gastrosuccorrlioa  acida).  llyptTchlorhydria  is  also  of 
fre(nu*nt  (K-cnrrcnce  in  cases  of  gastric  u1c(M*,  and  ma\  even  occur  in 
carcinoma,  n(»tal)lv  in  thi»sc  cases  in  which,  as  statt*d  al)ove,  the 
new-gnjwth  has  started  from  an  (»ld  nicer.  Reganling  the  fre<|uency 
of  hvperchlorhvih'ia  in  ulcus  there  can  he  no  douht  that  this  is  found 
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in  the  majority  of  eases.  Normal  values,  however,  are  by  no  means 
uncommon,  and  in  some  instances  the  amount  of  hydrochloric  acid 
mav  be  diminished. 

Hyperchlorhydria  is  also  met  with  in  passive  congestion  of  the 
stomach  (Schreiber's  so-called  ''stagnant  stomach"),  in  certain  types 
of  mental  disease,  in  the  early  stages  of  chronic  gastritis,  during 
migraine  attacks,  eUi. 

Test  for  Free  Acids.  The  Oongo-red  Test.' — Congo-red  is  a  car- 
mine-colored powder,  while  its  solutions  are  of  a  peach-  or  brownish- 
red  color,  which  changes  to  blue  upon  the  addition  of  a  free  acid,  but 
remains  unaffected  in  the  presence  of  an  acid  salt.  Congo-red  may 
be  employed  in  solution  or  in  the  form  of  a  test  paper.  The  latter 
is  less  delicate  than  the  solution,  and  indicates  only  the  presence 
of  0.01  per  cent,  of  hydrochloric  acid,  while  a  positive  reaction  can 
still  be  obtained  with  the  aqueous  solution  in  the  presence  of  0.0009 
per  cent.  The  solution  should  be  moderately  dilute.  The  test  paper 
is  prepared  by  soaking  filter  paper,  free  from  ash,  in  this  solution, 
drying,  and  cutting  it  into  suitable  strij)s.  In  order  to  test  for  free 
acid,  it  is  only  necessary  to  immerse  a  strip  of  the  test  paper  in  the 
filtered  gastric  juice,  or  to  add  a  drop  or  two  of  the  solution  to  a  small 
amount  of  the  juice,  when  in  the  presence  of  a  free  acid  a  blue  color 
will  develop,  which  varies  from  sky-blu^  to  a  deep  azure  according 
to  the  amount  present.  (Plate  XII,  Fig.  1.)  If  the  result  is  positive, 
the  nature  of  the  free  acid  must  be  ascertained,  and  it  is,  therefore, 
necessary  to  test  for  free  hydrochloric  acid,  or  in  its  absence  for  lactic 
acid  and  certain  fatty  acids. 

Tests  for  Free  Hydrochloric  Acid.— The  various  reagents  which 
may  be  employed  are  given  l)elow,  and  are  arranged  according  to  their 
degree  of  delicacy,  viz. : 

1.  Dimethyl-amido-azo-henzol 0.02  pro  millc. 

2.  Phloroglucin-vanillin 0.a5 

3.  Resorcin 0.05 

4    Tropipolin  00 0.30        " 

5.  Mohr's  rciigent 1.00        " 

The  Dimethyl-amido-aso-bensol  Test.^ — This  test  has  largely  re- 
placed the  older  phloroglucin-vaniUin  and  resorcin  tests  in  the 
routine  work  of  the  clinical  laboratory.  The  delicacy  of  the  reagent 
is  such  that  the  natural  yellow  color  of  the  indicator  is  changed  to  a 
reddish  tinge  upon  the  addition  of  but  1  drop  of  a  one-tenth  normal 
solution  of  hydrochloric  acid  in  5  c.c.  of  distilled  water.  Its  superior 
deUcacy,  as  compared  with  the  phlon)glucin-vanillin  and  resorcin 
tests,  is  apparent  from  the  fact  that  5  c.c.  of  a  0.5  per  cent,  solution 

'  Ricfi^l,  Deutsch.  med.  Woch.,  1886,  No.  35;  and  Boas,  Diagnostik  u.  Thera- 
pie  d.  Magenkrankheiten. 

*  TOpfer,  Zeit.  f.  physiol.  Chem.,  1894,  vol.  xix.  Hari,  Arch.  f.  Verdauungs- 
krank.,  vol.  ii,  pp.  182  and  332. 
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of  egg  albumen,  to  which  6  drops  of  a  one-tenth  normal  solution  of 
hydrochloric  acid  have  been  added,  still  give  a  positive  reaction  with 
dimethyl-amido-azo-benzol,  while  the  phloroglucin-vanillin  and 
resorcin  reactions  are  negative.  Organic  acids,  including  lactic 
acid,  yield  a  red  color  only  when  present  in  amounts  exceeding  0.5 
per  cent.  I  have  further  ascertained  that  if  albumoses  are  'present, 
a  cherry-red  color  is  not  obtained  even  though  lactic  acid  be  present  to 
the  extent  of  1  per  cent.  Ix)osely  combined  hydrochloric  acid  and 
salts  do  not  produce  a  red  color. 

For  practical  ])ur}>oses  a  0.5  per  cent,  alcoholic  solution  is  em- 
ployed; 1  or  2  drops  of  this  are  added  to  a  small  quantity  of 
the  filtered  gastric  contents;  in  the  presence  of  free  hydrochloric 
acid  a  beautiful  cherry  red  develops  at  once,  which  varies  in  intensity 
with  the  amount  of  free  acid  present  (Plate  XII,  Fig  2.)  In  the 
presence  of  organic  acids  an  orange  color  is  obtained.  In  watery 
solution  the  color  is  a  greenish  yellow  and  the  fluid  is  distinctly 
fluorescent. 

I  have  used  Topfer's  test  for  many  years  and  am  well  satisfied 
with  the  results.  In  teaching  students  it  is  well  to  show  the  color 
which  one  obtains  wnth  lactic  acid  in  the  presence  of  albumoses; 
confusion  as  to  whether  or  not  free  hydrochloric  acid  is  present  will 
then  not  occur. 

The  Phloroglucin-vanillin  Test.* — ^The  solution  employed  con- 
tains 2  grams  of  phloroglucin  and  1  gram  of  vanillin,  dissolved 
in  30  c.c.  of  absohite  alcohol;  a  yellow  color  results,  which  gradu- 
ally turns  a  dark  golden  red,  changing  to  brown  when  exposed  to 
light.  The  solution  should  therefore  l>e  kept  in  a  dark-colored 
bottle.  IxMiluirtz  suggests  the  use  of  separate  solutions  of  phloro- 
glucin and  vanillin,  1  or  2  drops  of  each  l)eing  employed  in  the 
test.  Boas  reconunends  a  solution  of  the  phloroglucin  and  vanillin, 
in  the  proportions  indicated  in  100  grams  of  80  per  cent,  alcohol, 
and  claims  that  the  reagent  is  then  still  more  sensitive  and  more 
stable.  If  a  few  drops  of  gastric  juice,  or  even  of  the  unfiltered 
gastric  contents,  containing  O.Oo  per  cent,  or  more  of  free  hydro- 
chloric acid,  are  treated  witli  the  same  number  of  dn)ps  of  the  reagent, 
no  change  in  color  results,  but  upon  slow  evaporation — boiling  and 
rapid  cvajmraium  arc  io  he  avoided — a  general  rose  tint  or  fine  rose- 
colored  lines  develop,  which  are  characteristic  of  the  presence  af  the 
free  acid. 

For  practical  purposes  it  is  b(\st  to  carrv  on  this  slow  evaporation 
on  a  thin  porcelain  butter  dish,  the  porcelain  cover  of  a  crucible,  or 
in  a  small  evaporating  dish  of  the  san»e  material.  The  color  obtained 
in  the  j)rest»!ice  of  inn*  hydrochloric  acid  is  a  rose  color  in  ever}'  in- 
stance, and  varies  in  intensity  with  the  amount  of  acid  present.     A 

'  Cliinzbiirg,  (Vntralbl.  f.  klin.  Mt'd..  18.S7,  vol.  viii,  No  40. 
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brown,  brownish-yellow,  or  brownish-red  color  always  indicates  that 
excessive  heat  has  been  applied  or  that  free  hydrochloric  acid  is 
absent. 

Organic  acids  do  not  produce  the  reaction,  nor  is  it  interfered 
with  by  their  presence,  or  that  of  albumins,  peptones,  or  acid  salts. 

A  phloroglucin-vanillin  test  paper,  prepared  by  soaking  strips  of 
filter  paper,  free  from  ash,  in  the  solution  and  drying  them,  may 
also  be  employed.  If  a  strip  of  this  is  moistened  with  a  drop  of 
gastric  juice  and  gently  heated  in  a  porcelain  dish,  the  rose  color 
will  develop  in  the  presence  of  free  hydrochloric  acid,  and  does  not 
disappear  upon  the  addition  of  ether. 

The  Besorcm  Test.^ — ^^Fhe  solution  consists  of  5  grams  of 
-resublimed  resorcin  and  3  grams  of  cane  sugar  dissolved  in  100 
grams  of  94  per  cent,  alcohol.  It  is  equally  as  delicate  as  the 
phloroglucin-vanillin  solution  and  has  the  advantage  of  greater 
stability:  5  or  6  drops  of  gastric  juice  are  treated  with  3  to  5 
drops  of  the  reagent  and  slowly  evaporated  to  dryness  over  a  small 
flame,  when  a  beautiful  rose-  or  vermilion-red  mirror  will  be  obtained, 
which  gradually  fades  on  cooling.  If  the  reagent  is  employed  in 
the  form  of  a  test  paper,  a  violet  color  at  first  develops,  which  upon 
the  application  of  heat  turns  brick  red  and  does  not  disappear  on 
treatment  with  ether. 

The  presence  of  acid  salts,  organic  acids,  albumins,  or  albumoses 
does  not  interfere  with  the  reaction. 

The  Tropaolin  Test.' — Tropjeolin  00,  when  employed  acconling 
to  the  method  suggested  by  Boas,  is  a  very  reliable  reagent,  indi- 
cating the  presence  of  0.2  to  0.3  pro  mille  of  free  hydrochloric  acid : 
3  or  4  drops  of  a  saturated  alcoholic  solution  of  tropaeolin  00, 
which  has  a  brownish-yellow  color,  are  placed  in  a  small  porcelain 
dish  or  cover,  and  allowed  to  spread  over  the  surface.  A  like  amount 
of  gastric  juice  is  added  and  likewise  allowed  to  flow  over  the  surface 
of  the  dish;  upon  the  application  of  gentle  heat  a  beautiful  lilac 
appears,  which  is  said  to  be  characteristic  of  free  hydrochloric  acid. 

A  tropseolin  test  paper  may  also  be  prepared  by  soaking  filter 
paper,  free  from  ash,  in  the  alcoholic  solution,  and  then  drying  and 
cutting  it  into  strips.  A  few  drops  of  gastric  juice  containing  free 
hydrochloric  acid  produce  a  more  or  less  pronounced  brown  color 
upon  this  paper,  which  turns  lilac  or  blue  upon  the  application  of 
gentle  heat.  Organic  acids,  when  present  in  large  amounts,  likewise 
produce  a  brown  color,  but  this  disappears  on  heating,  and  a  lilac  or 
blue  color  does  not  result. 

For  ordinary  purposes  this  test  is  sufficient,  and  recourse  need  only 

>  Boas,  Centralbl.  f.  klin.  Med.,  1888,  vol.  ix,  No.  45. 

'  Ewald,  Klinik.  d.  Verdauiinj^skrauk.,  Berlin,  1888,  vol.  ii;  and  Boas,  Deutsch. 
med.  Woch.,  1877,  vol.  xiii,  p.  852. 
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be  had  to  the  more  delicate  reagents  when  a  negative  or  a  doubtful 
result  is  obtained. 

The  Combined  Hydrochloric  Acid. — It  has  been  pointed  out  else- 
where that  hydrochloric  acid  will  only  appear  in  the  free  state  after 
all  basic  affinities  have  been  saturated.  For  this  reason  combined 
hydrochloric  acid  must  of  necessity  be  present  after  the  administration 
of  a  test  meal  if  free  acid  can  be  demonstrated.  If  the  contents 
are  withdrawn  too  early  free  acid  will  be  absent ,  while  hydrochloric 
acid  in  combined  form  may  he  present  in  normal  amount,  considering 
the  stage  of  digestion.  From  the  mere  absence  of  free  hydrochloric 
acid  it  is  hence  not  justifiable  to  infer  that  no  hydrochloric  acid  has 
been  secreted.  Under  pathological  conditions  it  may  happen  that 
while  the  stomach  has  lost  the  power  to  furnish  a  sufficient  amount 
of  hydrochloric  acid  to  satisfy  the  albuminous  affinities  of  a  large 
meal  and  to  subsequently  appear  in  the  free  state,  enough  can  be 
furnished  to  meet  the  demands  of  a  small  meal.  In  any  case  then, 
where  free  hydrochloric  acid  is  not  found,  it  is  important  to  ascertain 
whether  no  hydrochloric  acid  at  all  has  been  secreted.  To  this  end 
the  method  of  Martius  and  I^uttke  may  be  employed  (see  bdow). 

Quantitative  Estimation  of  the  Hydrochloric  Acid  of  the  Oas- 

tric  Juice.  Tbpfer's  Method.^ — ^l^he  free  and  combined  hydrochloric 
acid  is  most  conveniently  estimated  according  to  Topfer's  method, 
which  is  lK)th  simple  and  sufficiently  accurate  for  clinical  purposes. 

In  this  method  the  total  acidity  (a)  of  a  given  amount  of  gastric 
juice — I.  €,,  the  acidity  referable  to  the  presence  of  free  hydrochloric 
acid,  combined  hydrochloric  acid,  acid  salts,  and  any  organic  acids 
that  may  be  present — is  first  determined  (lactic  acid  and  the  fatty 
acids,  if  present,  need  not  be  removed),  using  phenolphthalein  as  an 
indicator.  This  is  followed  bv  a  determination  of  the  aciditv  refer- 
able  to  frt»t»  acids  and  acid  salts  in  another  sample  of  gastric  juice 
(6),  using  alizarin  (alizarin  nionosulphonate  of  sodium)  as  an  indi- 
cator. As  this  does  not  react  with  loosely  combined  hydrochloric 
acid,  the  difference  between  a  and  h  will  indicate  the  amount  of 
the  latter.  The  free  hydrochloric  acid  (c)  finally  is  estimated  with 
dimethvl-aniido-azo-benzol  as  an  indicator,  the  difference  l)etween  a 
and  h  +  c  giving  the  acidity  referable  to  organic  acids  and  acid  salts. 

The  solutions  re([uire(l  are  the  following: 

1.  A  decinonnal  solution  of  sodium  hvdrate. 

2.  A  1  {XT  cent,  alcoholic  solution  of  j)henolphthalein. 

3.  x\  saturated  atjueous  solution  of  alizarin. 

•  4.  A  0.5  ptT  cent,  alcoholic  solution  of  dimethvl-amido-azo-benzol. 
Three  separate  portions  of  5  or  10  c.c.  of  filtered  gastric  juice  are 
measured  into  three  small  Ix^akers  or  pc^rcelain  dishes.  To  the 
first  portion  1   or  2  drops  of  phenolphthalein  are  added,  when  it 

^  Loc.  cit. 
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is   titrated  with  the  one-tenth  normal  sohition  of  sodium  hydrate 
until  a  permanent  pink  color  is  obtained. 

To  the  second  portion  3  or  4  drops  of  the  alizarin  solution  are 
added,  when  it  also  is  titrated  with  the  one-tenth  normal  solution  of 
sodium  hydrate  until  a  pure  violet  color  is  obtained  (Plate  XII, 

In  the  third  portion  the  free  hydrochloric  acid  is  titrated,  after 
the  addition  of  3  or  4  drops  of  the  diraethyl-amido-azo-benzol,  until 
the  last  trace  of  red — in  the  presence  of  free  hydrochloric  acid — has 
disappeared,  and  the  color  has  become  distinctly  greenish  yellow 
(Plate  XII,  Fig.  2).  The  results  are  then  calculated  as  in  the  follow- 
ing example: 

10  c.c.  of  gastric  juice,  using  phenolphthalein  as  an  indicator,  re- 
quiretl  6  c.c.  of  the  one-tenth  normal  solution  in  order  to  bring  about 
the  end  reaction,  while  a  like  amount  titrated  in  the  same  manner  with 
alizarin  required  3  c.c.  The  difference  between  6  and  3  indicates 
the  number  of  cubic  centimeters  necessary  to  neutralize  the  amount  of 
hydrochloric  acid  in  combination  with  albuminous  material.  In  the 
estimation  of  the  free  hydrochloric  acid  2.3  c.c.  of  the  one-tenth 
normal  solution  were  recjuired. 

The  results  can  then  be  tabulated  as  follows: 

Total  acidity  (per  100  c.c.  stomach  contents)   ....     60 
Alizarin  acidity 30 

Combined  hydrochloric  acid 30 

Free  hydrocliloric  acid 23 

Total  physiologically  active  hydrochloric  acid  ....     53 
Salts ". 7 

Total 60 

If  not  enough  gastric  juice  is  available  for  three  separate  titrations 
one  can  estimate  the  free  hydrochloric  acid  in  one  portion  of  5  c.c. 
with  dimethyl  as  an  indicator,  and  proceed  at  once  to  the  total  acidity 
in  the  same  example.  To  this  end  phenolphthalein  is  added  after  the 
primary  titration  and  the  titration  continued  for  the  total  acidity  as 
usual.  The  first  value  will  give  the  free  hydrochloric  acid  and  this 
plus  the  second  value  the  total  acidity. 

Deficit  of  Hydrochloric  Acid. — When  hydrochloric  acid  is  absent 
it  is  customary  to  indicate  the  deficit  in  terms  of  j"^  hydrochloric 
acid  in  a  manner  perfectly  analogous  to  the  method  just  now 
described,  viz.,  10  c.c.  of  gastric  juice  are  treated  with  a  few  drops 
of  dimethyl  and  then  titrated  with  ^^  hydrochloric  acid  until  the  red 
hydrochloric  acid,  reaction  appears.  If  1  c.c.  was  necessary  to  this 
end  the  hydrochloric  acid  deficit  would  be  10. 

Estiination  of  Free  Hydrochloric  Acid  (according  to  Sahli). — 25  to  30 
drops  of  Giinzburg's  reagent  are  added  to  10  c.c.  of  gastric  juice. 
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The  mixture  is  titrated  with  a  decinonnal  sodium  hydrate  solution 
as  usual  until  a  drop  of  the  mixture,  warmed  on  the  stirring  rod 
after  each  addition  of  the  alkali,  shows  a  red  color.  The  rod  must  be 
washed  and  cooled  after  every  test. 

The  Method  of  Martins  and  Liittke  (modified).' — ^This  method 
is  e^iually  exact,  but  recjuires  a  greater  expenditure  of  time.  It  is 
based  upon  the  fact  that  upon  incineration  of  the  gastric  juice  the 
free  hyclrochloric  acid  and  that  loosely  combined  with  albuminous 
material  escape,  while  the  chlorine  in  combination  with  inorganic 
bases  remains  in  the  mineral  ash  unless  a  very  intense  heat  is  ap- 
plied for  some  time.  By  subtracting  the  amount  of  chlorine  present 
in  the  latter  form  from  the  total  amount,  the  quantity  in  combina- 
tion with  albuminous  material  and  that  occurring  as  free  acid  will 
be  found.  The  total  acidity  of  the  gastric  juice  is  then  determined, 
and  that  referable  to  the  presence  of  the  free  and  combined  hydro- 
chloric acid  subtracted,  the  difference  giving  the  amount  of  organic 
acids  and  acid  salts.  liy  determining  the  acidity  due  to  the  presence 
of  free  hydrochloric  aci(l  according  to  Topfer's  method,  and  deducting 
the  amount  found  trom  that  referable  to  the  presence  of  free  and 
combined  hydrochloric  acid,  the  amount  of  the  latter  is  obtained. 

Reagents  recjuired: 

1.  A  solution  of  silver  nitrate  in  nitric  acid  of  such  strength  that 
1  c.c.  shall  represent  0.0()3()5  gram  of  hydrochloric  acid. 

2.  I^iquor  ferri  sulphurati  oxydati. 

3.  A  decinonnal  solution  of  ammonium  sulphocyanide. 

4.  A  one-tenth  normal  solution  of  sodium  hvdrate. 

5.  A  I  JXT  cent,  alcoliolic  solution  of  phenolphthalein. 

().  A  O.f)  ptT  cent,  alcoholic  solution  of  dime  thy  1-amido-azo-benzol. 

Preparation  of  the  solutions: 

1.  The  silver  nitrate  solution.  As  a  solution  is  re(|uircd  of  such 
strength  that  I  c.c.  shall  be  eciuivalent  to  O.()030o  gram  of  hydro- 
chloric acid,  the  amount  of  silver  nitrate  that  must  be  dissolved  in 
10(K)  c.c.  of  water  is  ascertained  in  the  following  manner:  Since 
KiO.dO  (molecular  weight)  parts  by  weight  of  silver  nitrate  combine 
with  3().r)  parts  of  hydrochloric  acid  (molecular  weight),  the  amount 
of  silver  nitrate  re([uired  for  each  cubic  centimeter  is  found  from  the 
equation 

109.00  :  30.5   :  :  x   :0.(H).SOr);  30.5  j=  0.01 92590;  j-  =  0.0160. 

In  1  C.C.  of  the  silver  solution  0.0169  gram  of  silver  nitrate  must 
thus  be  present,  or  1().9  grams  in  i\\v  liter.  This  (juantity,  or  roughly 
17  grams,  is  weighed  off  and  dissolved  in  1X)0  c.c.  of  a  25  per  cent, 
solution  of  nitric  acid.  '^Vo  this  solution  50  c.c.  of  the  liquor  ferri 
sulphurati  oxydati  are  added.     The  solution  is  then  brought  to  the 

*  Die  Majren.'^urc  des  Mciischcn,  Stuttgart,  1982. 
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proper  strength  by  titration  of  a  known  number  of  cubic  centi- 
meters of  a  one-tenth  normal  solution  of  hydrochloric  acid  and 
correcting  as  usual  (see  below). 

2.  The  ammonium  sulphocyanide  solution.  A  normal  solution 
of  ammonium  sulphocyanide  contains  75.98  grams  (molecular 
weight)  per  liter,  and  a  decinormal  solution  7.598  grams.  This 
quantity,  or  roughly  8  grams,  is  dissolved  in  about  900  c.c.  of  water 
and  the  solution  brought  to  the  proper  strength  by  titrating  a  known 
number  of  cubic  centimeters  of  the  silver  nitrate  solution,  when  ach 
cubic  centimeter  should  correspond  to  1  c.c.  of  the  silver  solution 
— ^i.  e.,  to  0.00365  gram  of  hydrochloric  acid.  It  is  corrected  as 
described  elsewhere  (see  below). 

Method. — 1.  To  determine  the  total  amount  of  chlorine  present: 
10  c.c.  of  filtered  gastric  juice — Martins  and  Luttke  make  use  of 
the  unfiltered  gastric  contents — are  measured  into  a  small  flask 
bearing  a  100  c.c.  mark,  and  treated  with  an  excess  of  the  one-tenth 
normal  solution  of  silver  nitrate.  Experience  has  shown  that  20  c.c. 
are  sufficient.  The  mixture  is  agitated  and  allowed  to  stand  for  ten 
minutes.  Distilled  water  is  then  added  to  the  100  c.c.  mark;  the 
mixture  is  agitated  once  more  and  filtered  through  a  dry  filter  into 
a  drv  beaker;  50  c.c.  of  the  filtrate  are  titrated  with  the  one- 
tenth  normal  solution  of  ammonium  sulphocyanide  until  the  blood- 
red  color  which  appears  upon  the  addition  of  every  drop — due 
to  the  formation  of  ferric  sulphocyanide — no  longer  disappears  on 
stirring.  By  multiplying  the  number  of  cubic  centimeters  of  the 
ammonium  sulphocyanide  solution  used  by  2  (the  number  of  cubic 
centimeters  that  would  have  been  necessary  for  the  precipitation  of 
the  excess  of  silver  in  100  c.c.)  and  deducting  the  result  from  the 
number  of  cubic  centimeters  of  the  one-tenth  normal  solution  of 
silver  nitrate  employed,  viz.,  20,  the  number  of  cubic  centimeters 
of  the  latter  solution  is  found  which  was  necessary  to  precipitate 
the  chlorine  in  10  c.c.  of  the  gastric  juice.  As  1  c.c.  of  the  solu- 
tion represents  0.00365  gram  of  hydrochloric  acid,  it  is  only 
necessary  to  multiply  this  figure  by  the  number  of  cubic  centimeters 
used  in  precipitation  of  the  chlorine.  The  resulting  value,  T,  ex- 
presses the  total  amount  of  chlorine  present. 

As  a  general  rule,  it  is  not  necessary  to  decolorize  the  gastric 
juice.  If  desired,  however,  5  to  15  drops  of  a  5  per  cent,  solution 
of  potassium  permanganate  may  l)e  added  to  the  10  c.c.  employed, 
after  the  mixture  has  stocxl  for  ten  minutes. 

2.  Determination  of  the  amount  of  chlorine  in  combination  with 
inorganic  bases,  F:  10  c.c.  of  the  filtered  gastric  juice  are  care- 
fully evaporated  to  dn'ness  in  a  platinum  crucible,  on  a  water  bath 
or  upon  a  plate  of  asbestos,  in  order  to  avoid  sputtering  (as  the 
heat  applied  in  the  proc*ess  of  incineration  is  not  very  intense,  a 
porcelain  crucible  may  also  be  employed).  The  residue  is  then  care- 
15 
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fully  incinerated  over  an  open  flame,  the  process  being  carried  only 
to  the  point  where  the  organic  ash  no  longer  bums  with  a  luminous 
flame.  Intense  heat  should  be  avoided,  as  the  chlorides  are  volatil- 
ized upon  the  application  of  red  heat.  On  cooling,  the  ash  is  moist- 
ened with  a  few  drops  of  distilled  water  and  mixed  with  a  stirring 
rod,  when  the  residue  is  extracted  in  separate  portions  with  100  c.c. 
of  hot  distilled  water  and  filtered.  This  amount  is  usually  suffici- 
ent to  dissolve  all  the  chlorides  present.  If  any  doubt  should  exist, 
however,  it  is  only  necessary  to  add  a  drop  of  the  silver  solution 
to  a  few  drops  of  the  last  portion  of  the  filtrate:  the  formation  of 
a  cloud,  referable  to  silver  chloride,  will  necessitate  still  further 
washing.  The  whole  filtrate  is  then  treated  with  10  c.c.  of  the  one- 
tenth  normal  solution  of  silver  nitrate,  and  the  amount  consumed 
in  the  precipitation  of  the  chlorides  determined  by  titration  with 
the  one-tenth  normal  solution  of  ammonium  sulphocyanide,  as  de- 
scriljed  alx)ve.  The  hydrochloric  acid  present  in  combination  with 
inorganic  bases  is  thus  determined.  The  difference  between  the 
amount  of  hydnx^hloric  acid  in  combination  with  inorganic  bases 
and  the  total  amount  of  chlorine  in  terms  of  hydrochloric  acid  will 
then  indicate  the  amounts  of  the  free  and  of  tlie  combined  hydro- 
chloric acid,  which  are  termed  L  and  C,  respectively;  hence  T — F 
=  L+C'. 

3.  The  total  acidity  in  terms  of  hydrochloric  acid  is  further  de- 
termined according  to  the  method  given  elsewhere  (see  p.  220)  and 
indicated  by  the  letter  A.  The  differt^nce  between  the  total  acid- 
ity and  the  amount  of  free  and  combined  hydrochloric  acid  will 
represent  the  amount  of  organic  acids  and  acid  salts,  O;  hence 
0=A—{L  +  C). 

The  free  hydrochloric  acid  finally  is  determined  acconling  to  the 
method  of  Topfer.  The  difference  between  the  value  thus  found 
and  that  expressing  the  amount  of  free  and  combined  hydrochloric 
acid  will  indicate  the  amount  of  the  latter;  hence  (L-rC) — L=  C 

Leo's  Method/ — This  method  is  based  upon  the  observation  that 
calcium  carbonate  combines  with  free  and  combined  hvdrochloric  acid 
at  ordinary  tempiTatures  to  form  neutral  calcium  chloride,  while  the 
acid  phosj)liate.s  are  not  affected.  It  is  thus  clear  that  by  determin- 
ing the  total  acidity  of  the  gastric  juice,  and  deducting  from  this 
the  acidity  referable  to  acid  salts,  the  amount  of  the  physiologically 
active  hytlrochloric  acid — t.  r.,  of  the  free  and  combined  hydrochloric 
acid — is  obtained. 

As  it  has  hei*n  shown  that  in  the  presence  of  calcium  chloride 
(formed,  as  indicated  {ihove,  n|^)n  the  addition  of  calcium  carbonate), 
owing  to  the  formation  of  calcium  monophosphate — CallPO^,  twice 
the  quantity  of  sodium  hydrate  is  taken  up,  it  is  necessary  to  make 

*  Centralbl.  f.  d.  mod.  Wi.^s.,  1SS9,  vol.  \xvii,  p.  481. 
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the  first  titration  also  after  the  addition  of  an  excess  of  calcium 
chloride. 

Reagents  required: 

1.  A  one-tenth  normal  solution  of  sodium  hydrate. 

2.  A  1  per  cent,  alcoholic  solution  of  phenolphthalein. 

3.  A  concentrated  solution  of  calcium  chloride. 

4.  Chemically  pure  calcium  carbonate.  The  purity  of  the  salt 
may  be  tested  by  stirring  a  small  piece  with  water;  the  solution 
should  not  color  red  litmus  paper  Wue.  A  solution  of  the  salt  in 
dilute  hydrochloric  acid  should  not  yield  a  precipitate  when  treated 
with  sulphuric  acid. 

Method. — Organic  acids  that  may  be  present  are  first  removed 
by  shaking  with  ether,  50  to  100  c.c.  being  required  for  each  10  c.c. 
of  gastric  juice.  The  total  acidity  of  the  gastric  juice  is  then  de- 
termined in  10  c.c.  of  the  filtered  liquid  after  the  addition  of  5  c.c. 
of  the  concentrated  solution  of  calcium  chloride,  the  result  being 
termed  A. 

The  acidity  referable  to  the  presence  of  acid  phosphates  is  deter- 
mined as  follows:  15  c.c.  of  filtered  gastric  juice  are  treated  with  a 
pinch  of  dry  and  chemically  pure  calcium  carbonate;  the  mixture  is 
thoroughly  stirred,  and  passed  at  once  through  a  dry  filter;  10 
c.c.  of  the  filtrate,  from  which  the  carbon  dioxide  is  expelled  by 
means  of  a  current  of  air,  are  then  treated  with  5  c.c.  of  the  calcium 
chloride  solution  and  titrated  as  above,  the  resulting  value  being 
termed  P.  A — P  is  hence  equivalent  to  L  +  C  The  value  of  C  can 
then  be  ascertained  by  determining  the  acidity  referable  to  free 
hydrochloric  acid  according  to  Topfer's  method,  and  deducting 
the  value  found  from  L+C. 

This  method  is  sufficiendy  accurate  for  practical  purposes,  and  has 
the  advantage  of  not  requiring  the  expenditure  of  much  time. 


The  Ferments  of  the  Gastric  Juice  and  their  Zymogens. 

Normal  gastric  juice  contains  three  ferments,  viz.,  pepsin,  chy- 
mosin,  and  lipase. 

Pepsin  and  Pepsinogen. — According  to  our  present  knowledge, 
the  zymogen  of  pepsin,  \iz.,  pepsinogen  or  propepsin,  and  not  pepsin 
itself,  is  secreted  by  the  chief  cells  of  the  fundus  glands.  It  is  trans- 
formed into  the  ferment  proper  by  the  hydrochloric  acid  of  the  gastric 
juice. 

This  is  not  the  place  to  enter  into  a  detailed  consideration  of  the 
various  properties  of  pepsin,  and  it  will  suffice  to  say  that  the  activity 
of  the  ferment  is  destroyed  by  even  very  dilute  solutions  of  the  alka- 
line carbonates.  The  same  result  is  reached  by  exposing  a  watery 
solution  of  pepsin  to  a  temperature  of  70°  C,  while  in  a  dry  state 
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a  temperature  of  100°  C.  will  not  destroy  its  activity;  this  is  shown 
by  the  fact  that  a  specimen  of  pepsin  thus  treated  is,  on  cooling,  still 
capable  of  digesting  albumins  in  the  presence  of  hydrochloric 
acid. 

While  pepsin  is  capable  of  digesting  albumins  in  the  presence  of 
other  acids,  viz.,  phosphoric,  sulphuric,  oxalic,  acetic,  lactic,  and 
salicylic  acids,  the  solutions  must  be  stronger  than  in  the  case  of 
hydrochloric  acid.  With  lactic  acid,  for  example,  a  satisfactoiy 
result  is  reached  only  with  a  concentration  of  from  12  to  18  pro  mille, 
while  of  hydrochloric  acid  2  to  4  pro  mille  are  sufficient.  Larger  or 
smaller  amounts  do  not  act  so  promptly. 

Figures  expressing  the  exact  quantity  of  pepsin  or  of  its  zymogen 
are  lacking,  and  inferences  can  hence  only  be  drawn  as  to  the  physio- 
logical activity  of  the  ferment  from  the  rapidity  with  which  given 
amounts  of  albuminous  material  are  digested.  This,  however, 
depends  to  a  large  extent  upon  the  nature  and  concentration  of  the 
free  acid  present.  Under  normal  conditions  25  c.c.  of  gastric  juice 
will  dissolve  0.05  to  0.06  gram  of  serum  albumin  in  one  hour,  the 
same  amount  of  coagulated  egg  albumen  in  three  hours,  and  a  like 
amount  of  fibrin  in  one  hour  and  a  half. 

As  abnormalities  in  the  circulation  and  innervation  of  the  stomach 
apparently  do  not  influence  the  production  of  pepsin,  or  rather  of  its 
zymogen,  a  diminution  in  the  degree  of  peptic  activity,  or  its  total 
absence,  may  be  referred  directly  to  disease  of  the  stomach  itself, 
viz.,  its  glandular  apparatus.  The  determination  of  the  presence  or 
absence  and  relative  amount  of  pepsin  in  the  gastric  juice  hence 
furnishes  more  useful  information  than  the  recognition  of  the  presence 
or  absence  of  free  hvdrochloric  acid. 

As  jx^psin  is  formed  from  pepsinogen  through  the  agency  of  a  free 
acid,  its  presence,  in  the  absence  of  organic  acids  in  notable  quan- 
tities, indicates  at  once  the  presence  of  hydrochloric  acid.  It  may 
be  said,  vice  versa y  that  if  free  hydrochloric  acid  is  present  in  the 
gastric  juice  pi^jxsin  also  will  he  found.  Should  the  zymogen  alone 
l)c  present,  digestion  will  take  place  only  uf)on  the  addition  of  an  acid, 
while  an  absence  of  digestion  upon  the  addition  of  hydrochloric  acid 
indicates  the  absence  of  l)otli  j>epsin  and  its  zjTnogen.  At  times, 
though  rarely,  a  *  Agastric  juice''  is  met  with  which  is  capable  of 
digesting  albumin  in  the  absence  of  hydrochloric  acid,  owing  to  the 
prt^sence  of  regurgitated  pancreatic  juice. 

In  the  diffen^ntial  diagnosis  of  a  chronic  gastritis  and  a  neurosis, 
or  a  dysjx'ptic  condition  referal)le  to  hyperemia  of  the  gastric  mucous 
membrane,  the  demonstration  of  zymogen  in  the  absence  of  hydro- 
chloric acid  may,  at  times,  \w  very  important,  bearing  in  mind  that 
circulator}'  and  ne^^'ous  disturbances  apparently  do  not  influence 
the  production  of  pi'psinogen.  An  entire  absence  of  the  latter  would, 
of  course,  warrant  the  diagnosis  of  anadeny  of  the  stomach. 
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TestB  for  Pepsin  and  Pepsinogen.  Test  for  the  Enzyme. — If 
the  presence  of  free  hydrochloric  acid  has  previously  been  ascertained, 
25  c.c.  of  filtered  gastric  juice  are  set  aside  and  kept  at  a  tempera- 
ture of  from  37°  to  40°  C,  a  bit  of  coagulated  egg  albumen,  fibrin, 
or  serum  albumin  being  added.  In  order  to  permit  of  a  comparison 
of  results,  the  same  amounts  should  always  be  taken;  0.05  to  0.06 
gram  of  egg  albumen,  as  has  been  shown,  ought,  under  physiolog- 
ical conditions,  to  be  digested  in  three  hours. 

Test  for  the  Zymogen. — Should  hydrochloric  acid  be  absent 
the  test  is  made  in  the  same  manner,  after  the  addition  of  from  3  to 
5  drops  of  the  oflBcinal  solution  of  hydrochloric  acid  to  25  c.c.  of  the 
filtrate.     Under  such  conditions  usually  pepsinogen  alone  is  found. 

Quantitative  Estimation  of  Pepsin. — Accurate  methods  for  the  quan- 
titative estimation  of  pepsin  are  unknown,  and  relative  values  only 
can  be  obtained. 

Hammerschlag's  Method.^ — ^Two  Esbach  tubes  (albuminimeters) 
are  employed.  Tube  A  is  filled  to  the  mark  U  with  a  mixture  of  10 
c.c.  of  a  1  per  cent,  solution  of  egg  albumen*  in  0.4  per  cent,  of  hydro- 
chloric acid  and  5  c.c.  of  filtered  gastric  juice.  The  second  tube,  J5, 
receives  a  mixture  of  the  same  solution  and  5  c.c.  of  water.  After  the 
tubes  have  been  kept  in  the  thermostat  for  one  hour  at  a  temperature 
of  37*^  C.  Esbach 's  reagent  (see  Urine)  is  added  to  each  tube  to  the 
mark  /J.  After  standing  for  twenty-four  hours  the  amount  of  precipi- 
tated albumen  is  read  off  in  the  two  tubes.  The  difference  indicates 
the  amount  of  albumen  which  was  digested;  this  raised  to  the  square 
gives  the  corresponding  amount  of  pepsin  (which  of  course  is  merely 
relative).    The  method  suffices  for  practical  purposes. 

Mett's  Method. — Satisfactory  comparative  results  can  also  be  ob- 
tained with  the  method  suggested  by  Mett.  Capillary  glass  tubes 
are  prepared  measuring  from  1  to  2  mm.  in  diameter.  They  are 
filled  with  white  of  egg,  closed  at  the  ends  with  breadcrumbs  and 
coagulated  in  boiling  water.  After  five  minutes  they  are  dried  and  the 
ends  closed  with  melted  paraffin.  In  this  form  they  can  be  kept, 
but  before  use  they  should  be  examined  to  see  that  the  column  of 
albumen  has  not  shrunk  from  the  sides.  Any  bubbles  that  may  be 
present  disappear  after  two  days,  \^^len  needed  they  are  cut  into 
pieces  from  1  to  2  cm.  long.  The  length  of  the  column  digested  in  a 
given  length  of  time  serves  as  a  measure  of  the  digestive  power  of  the 
specimen  examined.  In  practice  this  column  should  be  measured  in 
millimeters  with  the  aid  of  a  magnifying  glass,  or  a  low  power  of  the 
microscope,  using  a  stage  micrometer.  The  calculation  of  the  corre- 
sponding amount  of  ferment  is  based  upon  the  law  of  Schiitz  and 
Borrissow,  viz.,  that  the  corresponding  amounts  of  ferment  in  two 
solutions  bear  the  same  ratio  toward  each  other  as  the  square  of  the 

*  Wien.  med.  Presse,  1894,  vol.  xxxv,  p.  1654. 

'  The  white  of  one  egg  diluted  about  13  times  wjll  make  a  1  per  cent,  solution. 
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• 
number  of  millimeters  of  the  column  of  egg  albumen  which  has  been 

dissolved  in  the  same  length  of  time.  Nirenstein  and  SchifP  have 
ascertained  that  the  length  of  the  digested  cylinder  of  albumen  is 
proportionate  to  the  length  of  time  that  digestion  goes  on,  pro- 
viding that  the  length  of  the  cylinder  does  not  exceed  7  mm.  If  it 
does  exceed  this,  digestion  proceeds  more  slowly.  It  is  hence  ad- 
visable in  all  cases  to  dilute  the  gastric  juice.  In  Uiis  manner  another 
difficulty  also  is  obviated,  viz.,  the  antipeptic  activity  which  is  caused 
by  certain  substances  which  are  normally  present  in  solution  (prod- 
ucts of  digestion,  sodium  chloride).  Nirenstein  and  Schiff  ascei^ 
tained  that  a  sixteenfold  dilution  with  y\  HCl  (0.18  per  cent)  is 
sufficient  and  that  this  prevents  the  digestion  of  more  than  3.6  mm. 
in  twenty-four  hours,  which  is  a  further  condition  to  ensure  reliable 
results. 

Method. — ^The  gastric  juice  is  obtained  after  giving  Ewald's  test 
breakfast.  1  c.c.  of  the  filtered  contents  is  diluted  with  16  c.c.  of 
/^  HCl ;  into  this  solution  4  Mett's  tubes  are  placed  and  the  mixture  is 
kept  in  the  incubator  for  twenty-four  hours.  The  columns  of  digested 
albumen  are  measured  and  the  average  ascertained;  this  in  terms 
of  millimeters  raised  to  the  square  and  multiplied  by  16  (the  degree 
of  dilution)  indicates  the  relative  amount  of  pepsin.  If  the  dig^ted 
column  measures  more  than  3.6  mm.  the  gastric  juice  must  be  diluted 
thirty-two  times. 

The  unit  of  measure  is  the  amount  of  pepsin  by  which  1  mm. 
of  albumen  is  digested  in  twenty-four  hours,  with  an  acidity  of  0.18 
per  cent.  HCl.  Nirenstein  and  Schiff  in  their  series  found  variations 
from  0  to  256  pt^psin  units. 

Quantitative  Estimation  of  Pepsinogen. — In  order  to  estimate  the 
amount  of  pepsinogen  both  Hammerschlag's  and  Mett's  method  can 
be  applied  after  rendering  the  gastric  contents  acid  with  hydrochloric 
acid  to  the  extent  of  from  1  to  2  pro  mille. 

The  Milk-curdling  Ferment  and  its  Zymogen,  viz.,  Chsrmosin 
(Rennin)  and  Chjrmosinogen. — The  specific  action  of  chymosin  is 
exerted  upon  milk,  or  lime-containing  solutions  of  casein,  which  are 
coagulated  in  neutral  or  feebly  alkaline  solutions. 

In  this  connection  it  is  imf)ortant  to  note  that  the  addition  of  a 
few  cubic  centimeters  of  a  solution  of  calcium  chloride,  or  any  other 
soluble  lime  salt,  results  in  a  transformation  of  the  zymogen  into  the 
physiologically  active  ferment,  and  that  hydrochloric  acid,  while  it 
normally  causes  such  transformation,  is  not  absolutely  necessary  in 
the  presence  of  calcium  chloride. 

Under  physiological  conditions  chymosin  and  its  zymogen  are 
always  present  in  the  gastric  juic(».  In  disease  the  inferences  that 
may  l>e  drawn  from  a  c|uantitative  estimation  of  the  ferment  and  its 

*  An'h.  f.  Verdauungsk.,  11K)3,  vol.  viii. 
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zymogen  have  been  formulated  by  Boas/  to  whom  we  are  indebted 
for  much  valuable  information  in  tliis  connection: 

1.  Notwithstanding  the  absence  of  free  hydrochloric  acid,  chymo- 
sin  may  be  present,  although  in  minimal  traces — t.  e,,  demonstrable 
with  a  dilution  of  from  1  to  10  to  1  to  20  (see  method  below). 

2.  In  the  absence  of  free  hydrochloric  acid  the  zymogen  may  still 
be  present  in  normal  amounts — i.  e,,  demonstrable  with  a  dilution 
of  from  1  to  100  to  1  to  150.  The  presence  of  the  zymogen,  especially 
when  repeatedly  observed,  probably  always  permits  of  the  conclusion 
that  we  are  not  dealing  with  an  organic  disease  of  the  stomach,  but 
with  a  neurosis  or  a  hyperemic  condition  of  the  mucous  membrane 
referable  to  disease  of  other  organs. 

3.  The  zymogen  may  occur  in  moderately  diminished  amount,  50 
per  cent,  only  being  present.  This  is  usually  owing  to  the  existence 
of  a  gastritis  which  has  not  reached  its  highest  degree  of  severity. 
The  nearer  the  amount  of  zymogen  approaches  die  normal,  the 
greater  will  be  the  probability  of  an  ultimate  recovery  under  suit- 
able treatment. 

4.  The  amount  of  the  zymogen  is  greatly  diminished  (dilutions  of 
1  to  10  to  1  to  25  yielding  a  negative  result)  or  may  be  absent  alto- 
gether. In  cases  of  this  kind  a  severe  and  usually  incurable  gas- 
tritis exists,  either  primary  or  occurring  secondarily  to  carcinoma, 
amyloid  degeneration,  etc. 

5.  In  conditions  1,  2  and  3,  the  reestablishment  of  the  secretion 
of  hydrochloric  acid  may  be  attempted  with  some  prospect  of  success 
by  means  of  stimulating  remedies. 

These  conclusions  are  based  upon  the  employment  of  Ewald's 
test  breakfast,  and  cannot  be  applied  to  observations  made  after 
other  test  meals,  without  previous  studies  in  this  direction. 

Testing  for  the  presence  of  chymosin  and  its  zymogen  is  of  decided 
value  in  cases  in  which  alkaline  material  is  vomited,  and  where  we 
may  be  called  upon  to  decide  whether  this  contains  constituents 
of  the  gastric  juice  or  not. 

Tests  for  Ohymosin  and  Ohymosinogen.  Test  for  the  Enzyme. — 
5  to  10  c.c.  of  milk  are  treated  with  3  to  5  drops  of  the  filtered 
gastric  juice  and  kept  at  a  temperature  of  37°  to  40°  C.  for  ten  to 
fifteen  minutes.  If  coagulation  occurs  during  this  time,  it  may  be 
concluded  that  the  enzyme  i^  present. 

Test  for  the  Zymogen. — ^T'he  milk  is  treated  with  10  c.c.  of 
the  filtered  and  feebly  alkalinized  gastric  juice  and  with  2  or  3  c.c. 
of  a  .1  per  cent,  solution  of  calcium  chloride.  The  mixture  is  kept 
at  a  temperature  of  from  37°  to  40°  C,  when  in  the  presence  of 
the  zymogen  the  formation  of  a  thick  cake  of  casein  will  occur  within 
ten  to  fifteen  minutes. 

*  Centralbl.  f.  d.  med.  Wiss.,  1887,  vol.  xxv,  p.  417;  and  Zoit  f.  klin.  Med.,  1888, 
vol.  xiv,  p.  240.     See  also  J.  Friedenwald,  Med.  News,  1895. 
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Quantitative  Estimation.  Of  the  Enzyme. — ^The  method  is 
based  upon  the  fact  that  on  gradually  diluting  a  specimen  of  gastric 
juice  a  point  is  finally  reached  at  which  a  chymosin  reaction  can  no 
longer  be  obtained,  the  value  being,  of  course,  a  relative  one.  Under 
physiological  conditions  a  positive  reaction  can  still  be  observed  with 
a  degree  of  dilution  varying  between  1  to  30  and  1  to  40. 

The  gastric  juice  is  neutralized  with  a  very  dilute  solution  of 
sodium  hydrate.  Tubes  are  then  prepared  containing  from  5  to  10 
c.c.  of  the  gastric  juice,  diluted  in  the  proportion  of  1  to  10,  1  to  20, 
1  to  30,  etc.,  to  which  an  equal  amount  of  neutral  or  amphoteric  milk 
is  added,  llie  tubes,  properly  labelled,  are  kept  at  a  temperature 
of  from  37°  to  40°  C,  and  the  degree  of  dilution  noted  at  which 
coagulation  still  occurs. 

Of  the  Zymogen. — The  gastric  juice  is  rendered  feebly  alkaline 
and  tubes  are  prepared  containing  equal  amounts  of  milk  and  gastric 
juice,  the  latter  variously  diluted,  as  above  directed;  the  examina- 
tion is  then  carried  on  in  the  same  manner.  Normally  a  pasitive 
reaction  is  obtained  with  a  dilution  varying  between  1  to  150  and 
1  to  100. 

Lipase. — ^The  presence  of  lipase  as  a  normal  constituent  of  the 
gastric  juice  has  now  been  definitely  established.  Its  demonstra- 
tion and  quantitative  estimation  are  described  in  the  section  on 
the  Urine.  It  is  essential  that  the  examination  be  made  after  a 
thorough  washing  of  the  stomach  and  the  administration  of  a  test 
meal  which  is  free  from  fat. 


Analysis  of  the  Products  of  Albuminous  Digestion. 

In  order  to  separate  the  various  products  of  digestion  from  each 
other  the  following  procedure  may  be  employed : 

The  filtered  gastric  contents  are  carefully  neutralized  with  a  dilute 
solution  of  sodium  hydrate,  using  litmus  paper  to  determine  the  re- 
action; a  small  drop  of  the  mixture  is  placed  upon  the  paper  from 
time  to  time  during  the  addition  of  the  sodium  hydrate  until  no 
change  in  color  is  produced  either  on  the  red  or  the  blue  paper.  If 
syntonin  is  present,  it  will  l)e  precipitated,  and  can  be  collected  on  a 
small  filter.  Upon  the  addition  of  an  excess  of  dilute  acid  or  an 
alkali  this  precipitate  will  again  be  dissolved.  The  filtrate  is  feebly 
acidified  with  dilute  acetic  acid,  treated  with  an  equal  volume  of  a 
saturated  solution  of  common  salt,  and  brought  to  the  boiling  point. 
Any  native  albumin  that  may  be  present  in  solution  is  thus  coagulated 
and  can  l>e  filtered  off  on  cooling.  In  the  filtrate  the  albumoses  and 
peptones  remain. 

By  one-half  saturation  of  the  filtrate  with  ammonium  sulphate, 
viz.,  by  adding  an  equal  amount  of  a  saturated  solution  of  ammonium 
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sulphate,  the  primary  albumoses  can  be  precipitated.  If  then  the 
neutral  filtrate  is  treated  with  one-half  its  Aolume  of  a  saturated 
solution  of  ammonium  sulphate,  which  will  thus  give  a  two-third 
total  saturation,  a  portion  of  the  deutero-albumoses  (fraction  A) 
separates  out  on  standing.  This  is  filtered  off  and  the  solution 
saturateil  with  ammonium  sulphate  in  substance;  the  deutero- 
fraction  B  is  thus  thrown  down,  and  on  acidifying  the  filtrate  with 
one-tenth  of  its  volume  of  a  solution  of  sulphuric  acid  that  has  been 
saturated  with  ammonium  sulphate,  and  of  which  10  c.c.  correspond 
in  strength  to  17  c.c.  of  a  ^u  solution  of  sodium  hydrate,  the  last  traces 
of  deutero-albumoses  (fraction  C)  will  separate  out  on  standing. 

The  filtrate  contains  the  "  peptones."  To  demonstrate  these  a 
2  per  cent,  solution  of  cupric  sulphate  is  added  drop  by  drop,  when 
in  the  presence  of  peptones  a  rose-  to  a  purplish-red  color  will 
develop.* 

Tests  for  the  Products  of  Carbohydrate  Digestion. 

Starch  may  be  recognized  by  the  fact  that  it  strikes  a  blue  color 
with  a  solution  of  iodopotassic  iodide,  while  the  same  solution  gives 
a  violet  or  mahogany  brown  with  erythrodextrin.  To  this  end  it 
is  only  necessary  to  add  a  drop  or  two  of  Lugol's  solution  to  a  few 
aibic  centimeters  of  the  filtered  gastric  juice.  The  presence  of 
achroodextrin  may  be  inferred  if  no  change  in  color  occurs  upon 
the  addition  of  the  reagent. 

Maltose  and  dextrose,  which  both  react  with  Fehling's  solution 
and  undergo  fermentation,  differ  from  each  other  in  the  fact  that 
the  former  does  not  rechice  Barfoed's  reagent  on  Ix)iling.  This  is 
prepared  by  adding  1  per  cent,  of  acetic  acid  to  a  0.5  to  4  per  cent, 
solution  of  cupric  acetate.  The  rotator}'  power  of  maltose  is  alx)ut 
three  times  as  strong  as  that  of  dextrose;  («)  I)  =150.4,  as  com- 
pared with  52.5. 

Lactic  Acid. 
Mode  of  Formation  and  Clinical  Significance.— The  normal 

occurrence  of  lactic  acid  in  the  stomach  during  dige\stion  was  until 
recently  regarded  as  an  established  fact  and  generally  a.scril)e(l  to 
the  action  of  lactic  acid  producing  organisms  which  had  l)een  swal- 
lowed and  which  could  exercise  their  activitv  so  lone  as  hydrochloric 
acid  did  not  appear  in  the  free  state. 

Martins  and  Liittke,  however,  employing  the  method  already 
described,  found  "that  the  accurately  determined  cur\-e  of  aciditj' 

'  For  a  more  detailed  account  of  the  chc^mistrv'  of  digestion  and  the  analysis  of 
the  raniltiiig  products,  see  C.  E.  Simon,  Physiological  Chemistry,  I>ea  Bros.  &  Co. 
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referable  to  hydrochloric  acid  coincided  in  all  respects,  even  at  the 
beginning  of  the  process  of  digestion,  with  the  curve  referable  to  the 
total  acidity,"  so  that  lactic  acid  as  a  physiological  constituent  could 
not  have  been  present.  The  researches  of  Boas,*  moreover,  prove 
beyond  a  doubt  that  in  physiological  conditions  no  appreciable  amounts 
of  lactic  acid  are  formed  during  the  process  of  digestion,  and  that  the 
lactic  acid  found  after  an  ordinary  meal  has  been  introduced  into 
the  stomach  as  such.  It  is  known  that  lactic  acid  is  present  in 
various  kinds  of  bread  and  it  is,  hence,  not  permissible  to  make  use 
of  any  test  meal  containing  lactic  acid  when  the  question  as  to  its 
formation  in  the  stomach  is  to  be  considered.  For  these  reasons 
Boas  suggests  the  use  of  simple  oatmeal  soup  to  which  salt  only  has 
been  aclded.  For  practical  purposes  this  is  probably  not  always 
necessary,  as  the  small  amount  of  lactic  acid  found  after  Ewalcl's 
test  breakfast  may  usually  be  disregarded;  an  increased  amoimt 
can  be  referred  directly  to  pathological  conditions. 

The  fact  that  the  lactic  acid  disappears  or  is  at  least  no  longer 
demonstrable  at  the  height  of  digestion  may  be  due  to  its  resorption 
on  the  one  hand,  or  to  an  interference  of  the  hydrochloric  acid  with 
the  delicacy  of  the  reagent  usually  employed — i.  e.,  Uffelmann  s 
reagent — on  the  other. 

Under  pathological  conditions  notable  amounts  (1  to  4  pro  mille) 
of  lactic  acid  are  met  with  when  stagnation  of  the  gastric  contents 
occurs  as  a  residt  of  motor  insufficiencv,  in  the  absence  of  or  with  a 
diminished  secretion  of  hydrochloric  acid.  It  is  hence  a  common 
symptom  of  carcinoma  of  the  stomach.^  It  was  indee<l  at  one  time 
thought  that  carcinoma  was  the  only  disease  in  which  a  notable 
lactic  acid  production  took  place,  but  experience  has  shown  that  the 
same  may  occur  in  benign  cases  of  pyloric  stenosis  and  gastric  in- 
sufficiency. Such  findings,  however,  are  uncommon,  and  a  high 
la(*tic  acid  value  may  still  be  regarded  as  strongly  suggestive  of 
malignant  disease  and  especially  when  repeatedly  observed.  Early 
in  the  disease  it  appears  that  periods  of  chlorhydria  and  lactic  acid 
pmduction  may  alternate  find  it  is  desirable  that  this  phase  of  the 
problem  more  particularly  receive  attention. 

In  cases  in  which  carcinoma  has  developed  upon  the  basis  of  an 
old  ulcer,  lactic  acid  may  be  absent  and  hydrochloric  acid  present  in 
increased  amount. 

In  everv  case  in  which  lactic  acid  is  found  the  stomach  should  be 
thoroughly  washed  out  in  the  evening  and  no  food  allowed  until  the  fol- 

*  "rober  d.  Vorkommcn  v.  Milchsinirc  im  posunden  u.  kranken  Magcn,"  Zeit. 
f.  klin.  Med.,  1894,  vol.  xxv,  p.  285. 

*  J.  H.  de  Jong,  "  Der  Xactiweis  d.  Milchsiiiire  u.  ihre  klinische  Bedeutung,'* 
Arch.  f.  Vcrdaiiiinpskrank.,  vol.  ii,  p.  53.  J.  Friodcnwald,  "The  Significance  of 
the  Pre.««enco  of  Lactic  Acid  in  the  Stomach."  N.  Y.  Med.  Jour.,  1895.  Rosenheim 
u.  Richter,  **  Ueber  Milch5«iiirebildung  im  Magen,"  Zeit.  f.  klin.  Med.,  vol.  xxviii, 
p.  505. 
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lowing  morning.  Boas'  test  meal  is  then  given  and  the  examination 
repeated.  If  the  presence  of  lactic  acid  can  thus  be  established  on  re- 
peated examination,  even  if  a  normal  condition  or  hyperchlorhydria  can 
be  demonstrated  in  the  interval,  an  exploratory  incision  is  justifiable. 

It  should,  finally,  be  mentioned  that  only  that  form  of  lactic  acid 
which  results  from  fermentative  processes  is  of  interest  in  this  con- 
nection, and  not  the  sarcolactic  acid  contained  in  meat.  For  this 
reason  the  demonstration  of  lactic  acid  after  a  meal  of  meat  is  of  no 
diagnostic  significance,  so  far  as  the  question  of  carcinoma  goes. 

Kelling'B  Method^  (Author's  Modification).— This  test  is  best  per- 
formed in  the  following  manner:  A  test  tubeful  of  water  receives  a 
drop  or  two  of  a  moderately  strong  solution  of  the  sesquichloride  of 
iron,  so  that  the  liquid  is  barely  colored.  One  half  is  then  poured 
into  a  second  tube  and  serves  as  control.  A  small  amount  of  the 
gastric  filtrate  is  added  to  the  other  specimen,  when  in  the  presence 
of  lactic  acid  a  distinct  yellow  develops  at  once,  which  appears  the 
more  marked  when  compared  with  the  nearly  colorless  control. 
This  test  is  very  delicate  and  to  be  preferred  to  the  older  method 
of  Uffelmann.  (Plate  XIII). 

Uifelmaim'B  Test.' — Heretofore  Uffelmann's  reagent  was  quite  com- 
monly employed  in  testing  for  lactic  acid,  but  everyone  who  has 
had  occasion  to  make  frequent  use  of  this  reagent  in  clinical  work 
must  have  been  struck  with  the  uncertainty  of  the  results  so  often 
obtained.  In  a  large  majority  of  the  cases,  particularly  if  Ewald's 
test  breakfast  is  employed,  a  characteristic  reaction — i.  e.,  the  occur- 
rence of  a  lemon  or  canary-yellow  color — is  not  seen,  notwithstanding 
the  presence  of  lactic  acid,  but  a  pale  yellow,  brownish,  grayish 
white,  or  even  gray  color  is  obtained  instead,  often  leaving  in  doubt 
whether  lactic  acid  is  present  or  not.  Aside  from  doubtful  results, 
the  value  of  the  test  is  greatly  diminished  by  the  fact  that  glucose, 
acid  phosphates,  butyric  acid,  and  alcohol  give  the  same  reaction, 
and  that  in  the  presence  of  such  amounts  of  hydrochloric  acid  as  are 
found  at  the  height  of  normal  digestion  lactic  acid  is  not  indicated 
by  the  reagent.  All  these  diflRculties  have  long  been  appreciated, 
and  in  order  to  obviate  at  least  some  of  them  it  was  proposed  to  apply 
the  test  to  an  aqueous  solution  of  the  ethereal  extract  of  the  gastric 
contents : 

To  this  end  5  or  10  c.c.  of  the  filtered  gastric  juice  are  extracted 
by  shaking  with  from  50  to  100  c.c.  of  neutral  sulphuric  ether'  in  a 

*  "Rhodan  im  Mageninhalt;  Zugleich  ein  Beitrag  z.  Uffelmann'schen  Milch- 
saurereagens,"  Zeit.  f.  physiol.  Chem.,  vol.  xviii. 

*  Deutoch.  Arch.  f.  klin  Med.,  1880,  vol.  xxvi;  and  Zeit.  f.  klin.  Med.,  vol. 
viii,  p.  392. 

'  Ii  lactic  acid  is  not  present  in  the  free  state,  but  in  combination  with  albumin 
(i.  e,f  if  the  Congo-red  test  is  negative),  it  is  necessary  to  set  it  free  by  adding 
dilute  hydrochloric  acid  until  the  Congo  test  is  just  positive,  as  the  ether  will 
otherwise  not  extract  it. 
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stoppered  separating  funnel  for  about  twent}'  or  tbir^  minutes;  the 
ethereal  extract  b  then  evaporated  on  a  water  bath  or  the  ethtt 
distilled  oif  (no  flame).  'I'he  residue  is  taken  up  with  from  5  to 
10  c.c.  of  distilled  water  and  tested  as  follows:  3  drops  of  a 
saturated  aqueous  solution  of  ferric  chloride  are  mixed  with  3 
drops  of  a  concentrated  solution  of  pure  carbolic  acid  and  diluted 
with  water  until  an  ametliyst-bliie  color  is  obtained;  to  this  solution 
a  portion  of  the  ethereal  extract  is  added,  when  in  the  presence  of 
oidy  0.1  per  cent,  of  lactic  acid  a  lemon  or  canary-yellow  color  is 
obtained. 

Strum'  H«tbod. '—Instead  of  evaporating  the  ether  as  in  the 
above  method,  the  ethereal  extract  may  be  directly 
examined  by  shaking  with  a  freshly  prepared  solu- 
tion of  ferric  chloride,  as  su^^iested  by  Fleischer. 
Making  use  of  this  principle,  Strauss  has  con< 
stnicted  an  apparatus  (Fig.  67)  which  will  be 
found  veri-  convenient,  and  which  permits  of 
roughly  determining  the  amount  of  lactic  acid 
present.  The  instrument  is  essentiaUy  a  sepa- 
rating funnel  of  30  c-c.  capacity,  baring  two 
marks,  of  which  the  one  corresponds  to  5  c.c, 
the  other  to  25  cc.  ITie  apparatus  b  filled  with 
gastric  juice  to  the  mark  5,  when  ether  (free  from 
alcohol)  Ls  added  to  the  25  cc.  line.  After  shaking  . 
ihoroughly,  the  separated  liquid.^  are  allowed  to 
csc!i|»e  by  oj>eninp  the  stopcock  until  the  5  c.c. 
mark  is  reiiche^L  l>istilleii  water  is  then  adiled  to 
the  2.'>  mark,  and  the  mixture  treated  with  2  drops 
of  the  oflicin^l  tincture  of  ferric  chloride,  diluted 
in  the  pnifiortion  of  1  to  Id.  I'pon  .<:haking,  the 
water  wHIl  assume  an  inten.'iely  grci-n  ccJor  if  more 
than  1  pro  iiiille  of  liKtic  acid  is  present,  while  a 
piilo  prt-eii  is  obtaintnl  in  the  presence  of  from  0.5 
to  1  jn\>  mille.  The  tincture  of  iron  should  be 
kept  i;i  a  ilark-c-<ilort\l  diMpping  liottle  of  about 
7*\  c.c.  capacity. 

It  will  in-  obs«T\-f.l  iliai  only  larpc  amounts  of 
)iH«™ii*^ !.«  "H^T;"-  !a<'tii-  acid,  which  ainni'  art'  (if  importaiK-e  from 
I'lrj^lrt^iH^^r  arVi""      *i  diairim-tic   pi-iin  uf  vli-w,  an.'   indic-aieil  by  the 

apparatu-.     Mil  all    ar 
with  KwaM's  ic^i  l.n-.ikfasi.  .,r  n-f.-niM. 
in  the  nn'Ulh.  an'  luH  in.Ui-aif  1,  -^i  llui;  ..-niif;i-.i..n 
or  abs<-n,-c  ,.f  ih,.  a.-i.i  can  iK-v,-r  ari.c. 

Toomuo's    Msihod      Modification     of     Cnmer 
"ITjc  nii-lhol   ha>  ihc   aIva;iTa^-  tl-a;   e\ini.ti..n   with  i-ther  is  not 

i   rfi.-l;a,i:ir.  .''.J.  ;i  l:-.-.;.M..:..'    UtI.t.  Llin.  Woph., 


.'uni-,  as  thiise  intiTKluced 
lu  lactic  acid  fcrmentalion 
niifii-i.-n  a>  to  ihc  pre?«ence 
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necessary.  It  is  based  upon  the  formation  of  an  isonitril  on  trans- 
forming lactic  acid  to  iodoform  and  treating  with  an  amino  base, 
^rhe  isonitril  is  readily  recognized  by  its  disagreeable  odor.  2  grams 
of  potassium  iodide  are  dissolved  in  a  few  (not  more  than  5)  c.c.  of 
water  and  1  gram  of  sublimed,  pulverized  iodine  added.  The  resultant 
solution  Ls  filtered  through  asbestos  or  glass  wool  and  diluted  to  50 
c.c.  with  di§tille<l  water;  5  c.c.  of  aniline  are  finally  added.  The  reagent 
is  kept  in  a  dark-colored  bottle  and  must  be  shaken  before  using;  it 
keeps  for  a  number  of  months.  A  few  c.c.  of  the  stomach  contents 
(diluted  if  necessary)  are  rendered  strongly  alkaline  with  10  per  cent, 
caustic  lalkali  solution,  boiled  and  treated  with  a  few  c.c.  of  the  re- 
agent. In  the  presence  of  lactic  acid  the  offensive  odor  of  isonitril 
appears  either  at  once  or  on  heating. 

With  a  dilution  of  0.0025  gram  in  100  c.c.  the  odor  is  still  discern- 
ible. 

Alcohol  and  acetone  give  the  same  reaction. 

The  chemical  process  which  takes  place  is  represented  by  the 
equations: 

1.  2CH,.CH()H.a)0H  +  10NaOH  +12I  =  4H.COONa  +6HI  +2CHIj  +4Hj,0. 

Lactic  acid. 

2.  CHI,  -hSNaOH  +C,H5.NH,  =  3NaI  +C,HftNC  +3H,0. 

Iodoform.  iDonitril. 

Boas'  Method.^ — In  doubtful  cases  the  following  m(*thod  may 
be  employed,  as  with  it,  and  following  the  exhibition  of  Boas'  test 
meal,  all  possible  errors  can  l)e  avoided.  The  stxymach  must  be  washed 
perfectly  clean  before  the  test  meal  is  introduced. 

Principle  of  the  Method. — When  a  solution  of  lactic  acid  is  treated 
with  a  strong  oxidizing  agent  and  heated,  the  lactic  acid  is  decomposed 
into  acetic  aldehyde  and  formic  acid,  according  to  the  equation 

CH,— CH(OH)— CO.OH  =  C^Hj.CHO   +  H.CO.OH. 

Lactic  acid.  Acetic  aldehyde.     Formic  acid. 

Practically,  then,  the  test  for  lactic  acid  resolves  itself  into  a  test  for 
acetic  aldehyde,  which  can  readily  be  recognized  by  testing  with 
various  reagents,  such  as  an  alkaline  solution  of  iodopotassic  iodide, 
Nessler's  reagent,  and  others.  Ncssler's  reagent  is  prepared  as  fol- 
lows: 2  grams  of  potassium  iodide  are  dissolved  in  50  c.c.  of  water  and 
treated  with  mercuric  iodide  while  heating,  until  some  of  the  latter 
remains  undissolved.  Upon  cooling,  the  solution  is  diluted  with  20 
c.c.  of  water;  2  parts  of  this  solution  are  then  treated  with  3 
parts  of  a  concentrated  solution  of  potassium  hydrate;  any  precipitate 
that  may  have  formed  is  filtered  off,  and  the  reagent  kept  in  a  well- 
stoppered  bottle.  WTien  aldehyde  Ls  added  to  such  a  solution  a 
yellowish-red  or  red  precipitate  results,  the  exact  color  depending 

>  Dcutsch.  med.  Woch.,  1893,  No.  39;  and  Munch,  med.  Woch.,  1893,  No,  43. 
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upon  the  amount  of  aldehyde  present;  1  part  of  the  aldehyde  may 
still  be  recognized  when  diluted  with  40,000  parts  of  water. 

With  an  alkaline  solution  of  iodopotassie  iodide,  aldehyde  in  a 
dilution  of  1  to  20,000  will  still  produce  a  cloudiness,  referable  to  the 
formation  of  iodoform,  which  is  readily  recognized  by  its  character- 
istic odor  (Lieben's  test  for  acetone). 

Method. — ^l^'he  filtered  gastric  juice  is  tested  for  the  presence  of 
free  acids  with  Congo-red.  If  present,  from  10  to  20  c.c.  are  evapo- 
rated to  a  syrup  on  a  water  bath,  after  the  addition  of  an  excess 
of  barium  carbonate,  while  the  latter  is  unnecessary  in  the  absence 
of  free  acids.  The  syrup  is  treated  with  a  few  drops  of  phosphoric 
acid,  and  the  carbon  dioxide  removed  by  bringing  it  to  the  boiling 
point  once  only,  when  it  is  allowed  to  cool  and  extracted  with  100 
c.c.  of  neutral  sulphuric  ether  (free  from  alcohol),  by  shaking  for 
half  an  hour.  The  layer  of  ether  is  poured  off  after  half  an  hour, 
the  ether  is  evaporated  {no  flame)  y  the  residue  taken  up  with  45  cc.  of 
water,  shaken  and  filtered,  and  finally  treated  with  5  c.c.  of  sul{^uric 
acid  and  a  pinch  of  manganese  dioxide  in  an  Erlenmeyer  flask. 
This  is  closed  with  a  perforated  stopper  carrying  a  glass  tube  bent 
at  an  obtuse  angle,  the  longer  limb  of  which  passes  into  a  narrow 
glass  cylinder  containing  from  5  to  10  c.c.  of  Nessler's  reagent  or  a 
like  quantity  of  an  alkaline  solution  of  iodopotassie  iodide.  If  heat 
is  now  carefully  applied,  the  aldehyde  formed  by  the  oxidation  of 
the  lactic  acid  with  manganese  dioxide  and  sulphuric  acid  passes 
over  when  the  l)oiling  point  is  reached,  and  causes  the  precipitation 
of  yellowish-red  aldehyde  of  mercury  in  the  tube  containing  the 
Nessler  reagent,  or  of  iodoform  if  the  alkaline  solution  of  iodine  is 
employed. 

Quantitative  Estimation  of  Lactic  Acid  According  to  Boas' 

Method.^ — The  princij)le  already  set  forth  also  applies  to  the  quanti- 
tative estimation  of  lactic  acid. 
Solutions  required: 

1.  A  one-tenth  normal  solution  of  iodine. 

2.  A  one-tenth  normal  solution  of  sodium  thiosulphate. 

3.  Hydrochloric  acid  (sp.  ^r.  I.OIN). 

4.  A  |)()tassium  hydrate  solution  (56  to  1000). 

5.  Starch  solution. 
Preparation  of  these  solutions: 

1.  A  normal  solution  of  iodine  should  contahi  126.53  (molecular 
weight  of  iodine)  grams  of  iodine  in  the  liter,  and  a  one-tenth  normal 
solution,  hence  1 2.6  grams.  In  order  to  dissolve  the  iodine  25  grams  of 
potassium  iodide  are  dissolved  in  about  2(X)  c.c.  of  distilled  water, 
when  the  12.6  grams  of  resuhlinied  iodine  are  added.  This  solution 
is  then  diluted  with  distilled  water  to  the  KXK)  c.c.  mark,  and  requires 
no  further  correction. 

'  Loc.  cit.,  J).  237. 
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2.  The  one-tenth  normal  solution  of  sodium  thiosulphate  is  pre- 
pared as  described  in  the  chapter  on  Acetone  (see  Urine).  When 
treated  with  1  gram  of  ammonium  carbonate  pro  liter  it  will  retain 
its  titre  almost  indefinitely. 

3.  Preparation  of  the  starch  solution:  5  grams  of  starch  are  dis- 
solved in  900  c.c.  of  water  by  heating,  when  10  grams  of  zinc  chloride 
in  100  c.c.  of  water  are  added. 

Method. — 10  to  20  c.c.  of  the  filtered  gastric  juice  are  first 
treated  as  indicated  above,  viz.,  evaporated  to  a  syrup  after  the 
addition  of  barium  carbonate  if  free  acids  are  present.  A  few  drops 
of  phosphoric  acid  are  added,  the  carbon  dioxide  driven  off  by  boil- 
ing, and  the  residue  extracted,  on  cooling,  with  100  c.c.  of  ether 
free  from  alcohol;  the  ether  is  evaporated  after  separation,  the  residue 
taken  up  with  45  c.c.  of  distilled  water,  and  treated  with  manganese 
dioxide  and  sulphuric  acid.  The  flask  is  closed  by  a  doubly  per- 
forated stopper;  through  one  aperture  a  bent  tube  passes  to  the  dis- 
tilling apparatus,  and  a  straight  tube  provided  with  a  piece  of  rubber 
tubing,  clamped  off,  through  the  other.  The  latter  should  dip  well 
down  into  the  liquid,  and  serves  for  passing  a  current  of  air  through 
the  solution  when  the  distillation  is  completed.  The  mixture  is  dis- 
tilled until  about  four-fifths  of  the  contents  have  passed  over,  excessive 
heat  being  carefvlly  avoided,  as  otherwise  the  aldehyde  will  be  decom- 
posed, according  to  the  equations: 

1.  CH,.— rH(OH)  — CO.OH  =  CH,.CHC)  +  IiaX)!!. 

Lactic  acid.  Aldehyde.        Formic  acid. 

2.  CHj.C'HO  -f  H(X)OH  +  20  =  C:H,.C()()H  +  CO,  +  H,(). 

Aldehyde.       Formic  acid.  Acetic  acid. 

To  the  distillate,  which  is  best  received  in  a  high  Erlenmeyer 
flask,  well  stoppered,  20  c.c.  of  the  one-tenth  normal  solution  of 
iodine  are  added  mixed  with  20  c.c.  of  the  5.6  per  c*ent.  solution  of 
potassium  hydrate.  The  mixture  is  shaken  thoroughly  and  allowed 
to  stand  for  a  few  minutes.  In  order  to  liberate  the  iodine  not  used 
in  the  reaction,  20  c.c.  of  hydrochloric  acid  are  added,  and  the  ex- 
cess of  iodine  determined  by  titration  with  the  one-tenth  normal  solu- 
tion of  sodium  thiosulphate.  The  titration  is  carried  almost  to  the 
point  of  decolorization,  when  a  little  starch  solution  is  added;  the 
mixture  is  then  titrated  until  the  blue  color  has  disappeared.  The 
number  of  cubic  centimeters  of  the  one-tenth  normal  solution  em- 
ployed, viz.,  20,  minus  the  number  of  cubic  centimeters  of  the  one- 
tenth  normal  solution  of  sodium  thiosulphate,  will  then  indicate  the 
number  of  cubic  centimeters  of  the  former  required  for  the  formation 
of  iodoform,  viz.,  the  amount  of  lactic  acid  present  in  10  or  20  c.c. 
of  gastric  juice,  as  the  case  may  l)€.  As  1  c.c.  of  the  one-tenth  nor- 
mal solution  of  iodine  has  been  found  to  indicate  the  presence  of 
0.003388  gram  of  lactic  acid,  it  is  only  necessary  to  multiply  th{j 
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number  of  cubic  centimeters  used  by  this  figure,  and  the  result  by 
10,  in  order  to  obtain  the  percentage. 

The  method  described  is  reliable  and  sufficiently  accurate  for  clini- 
cal purposes.  At  the  same  time  it  may  be  said  that  no  more  time 
is  required  than  in  the  ordinary  quantitative  estimation  of  sugar  by 
means  of  Fehling's  method,  or  of  hydrochloric  acid  according  to 
the  method  of  Martius  and  Luttke. 

Boas'  Rapid  Method. — ^This  method  is  less  accurate  than  the 
preceding  one,  but  may  lye  advantageously  employed  in  the  absence 
of  the  various  reagents  necessary  with  the  former.  10  c.c.  of 
filtered  gastric  juice  are  treated  with  a  few  drops  of  dilute  sulphuric 
acid,  and  the  albumin  present  removed  by  heat.  The  filtrate  is  evapo- 
rated to  a  synip  on  a  water  bath,  water  added  to  the  original  amount, 
and  this  again  evaporated  to  a  small  volume,  fatty  acids  being  thereby 
removed.  The  lactic  acid  remaining  is  now  extracted  with  ether 
(2(K)  c.c.  for  every  10  c.c.  of  gastric  juice);  the  ether  is  evaporated, 
the  residue  taken  up  with  water  and  titrated  with  a  one-tenth  nor- 
mal solution  of  sodium  hydrate,  using  phenolphthalein  as  an  indi- 
cator. As  40  parts  by  weight  of  sodium  hydrate  (molecular  weijj^t) 
combine  with  90  parts  by  weight  of  lactic  acid  (molecular  wei^t), 
and  as  1  c.c.  of  the  one-tenth  normal  solution  of  sodium  hydrate  con- 
tains 0.004  gram  of  sodium  hydrate,  the  corresponding  amount  of 
lactic  acid  is  fouhd  from  the  equation:  40:  90:  0.004:  x;  40  a;= 0.360; 
x= 0.009.  ^rhe  value  of  1  c.c.  of  the  one-tenth  normal  solution  in 
terms  of  lactic  acid  is  thus  0.009.  By  multiplying  the  number  of 
cubic  centimeters  used  by  this  figure,  the  amount  of  lactic  acid  pres- 
ent in  10  c.c.  of  gastric  juice  is  ascertained.  The  result  multiplied 
by  10  indicates  the  percentage. 


The  Fatty  Acids. 
Mode  of  Formation  and  Clinical  Significance.— Unless  much 

milk  or  carbohydrates  have  btHMi  ingested,  fatty  acids  do  not  occur 
in  the  gastric  contents  under  physiological  conditions,  and  it  would 
ap|x\ar  from  the  researches  of  Boas^  that  their  formation  is  intimately 
associated  with  that  of  lactic  acid.  After  the  exhibition  of  his  test 
meal  he  wjus  unable  to  demonstrate  their  presence  either  in  hcHlth 
or  in  various  diseases  of  the  stomach,  such  as  chronic  gastritis,  atony 
or  dilatation  referable  to  benign  causes,  etc.  In  carcinoma,  however, 
fatty  acids,  such  as  lactic  acid,  were  (juite  constantly  found.  Fliigge 
has  shown  that  butvric  acid  can  be  derived  from  lactic  acid  and 
that  this  is  probably  its  usual  source. 
Acetic   acid   fermentation   presupposes   the   presence  of  alcohol, 

*  Loc.  cit. 
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whether  this  is  introduced  into  the  stomach  as  such  or  whether  it 
results  from  the  action  of  yeast  (Saccharomyces  cerevisiae)  upon  sugar. 
It  is,  hence,  necessary,  whenever  acetic  acid  is  met  with  in  the 
gastric  contents,  to  exclude  the  presence  of  alcohol  introduced  from 
without.  Only  then  is  it  permissible  to  refer  its  presence  to  stagnation 
and  advanced  decomposition  of  carbohydrates.  . 

If  the  examination  is  confined  to  an  analysis  of  the  gastric  contents 
obtained  otherwise  than  after  the  exhibition  of  Boas'  or  Ewald's 
test  meal,  the  diagnosis  of  pyloric  stenosis  with  dilatation  is  prob- 
ably always  justifiable  in  the  presence  of  notable  quantities  of  buty- 
ric acid  and  acetic  acid,  while  the  same  after  a  previous  washing  out 
of  the  stomach  and  the  exhibition  of  Boas'  test  meal  would  suggest 
carcinoma  as  the  cause  of  the  stenosis. 

That  butyric  acid  may  occur  in  the  gastric  contents  when  butter 
or  fats  in  general  have  been  ingested  is,  of  course,  not  surprising, 
and  its  presence  then  should  be  looked  upon  as  a  physiological  occur- 
rence. At  the  same  time  it  should  not  be  forgotten  that  butyric  acid, 
just  as  lactic  acid,  may  possibly  have  been  formed  in  the  mouth,  and 
conclusions  should,  hence,  only  be  drawn  when  such  sources  of  error 
can  be  definitely  excluded,  and  the  amount  found  exceeds  mere  traces. 

In  conclusion  it  may  be  said  that  in  disease  butyric  acid  is  far 
more  frequently  encountered  in  the  gastric  contents  than  acetic  acid, 
but  the  significance  of  the  two,  if  alcoholism  can  be  excluded,  is  the 
same. 

Tests  for  Butyric  Acid. — 1.  Butyric  acid  can  usually  be  recog- 
nized by  its  odor  alone,  which  is  that  of  rancid  butter.  If  a  more 
definite  test  is  desired  we  may  proceed  as  follows: 

2.  10  c.c.  of  filtered  gastric  juice  are  extracted  with  50  c.c.  of 
ether.  The  ether  is  evaporated  and  the  residue  taken  up  with  a  few 
cubic  centimeters  of  water.  If  a  trace  of  calcium  chloride  in  sub- 
stance is  now  added  the  butyric  acid  will  separate  out  in  the  form  of 
oil  droplets,  the  nature  of  which  is  readily  recognized  by  the  pungent 
odor.  If,  instead  of  adding  calcium  chloride,  a  slight  excess  of 
baiyta-water  is  used,  strongly  refractive  rhombic  plates  or  granular, 
wart-like  masses  of  barium  butyrate  are  obtained  upon  evaporation. 

3.  Butyric  acid  may  also  be  recognized  by  the  peculiar  odor 
of  pineapple  which  develops  when  the  dry  residue  of  the  ethereal 
solution  is  treated  with  a  little  sulphuric  acid  and  alcohol.  The 
reaction  is  due  to  the  formation  of  ethyl  butyrate  (pineapple  test). 

Tests  for  Acetic  Acid. — 1.  Like  butyric  acid,  acetic  acid  can 
usually  be  recognized  by  its  odor. 

2.  10  c.c.  of  filtered  gastric  juice  are  extracted  with  ether.  The 
ether  is  evaporated,  the  residue  dissolved  in  a  few  drops  of  water, 
and  neutralized  with  a  dilute  solution  of  sodium  hydrate,  sodium 
acetate  being  formed.  If  to  this  a  drop  or  two  of  a  very  dilute 
solution  of  ferric  chloride  b  added,  a  dark-red  color  results.  With 
16 
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silver   nitrate   a   precipitate   is   obtained  which   is   soluble   in   hot 
water. 

Quantitative  Estimation  of  the  Fatty  Acids.  Method  of  Oahn- 
Mehring,  Modified  by  McNaoght.^ — ^The  total  acidity  is  determined  in 
10  c.c.  of  filtered  gastric  juice.  Another  10  c.c.  are  evaporated 
to  a  syrup,  diluted  with  water,  and  similarly  titrated.  The  difference 
between  the  two  results  will  indicate  the  amount  of  fatty  acids  present. 


Oases. 

The  stomach  always  contains  a  certain  quantity  of  gases  which 
have  partly  been  swallowed  and  partly  have  passed  into  the  stomach 
from  the  duodenum.  As  fermentative  processes  in  health  occur  only 
when  carbohydrates  or  fats  have  been  ingested,  and  then  only  to  a 
slight  degree,  nitrogen,  oxygen,  and  carbon  dioxide  are  the  only 
gases  found  during  the  process  of  albuminous  digestion.  As  the 
oxygen  swallowed  is,  moreover,  largely  absorbed  by  the  blood,  and 
two  volumes  of  carbon  dioxide  are  returned  for  one  volume  of  oxy- 
gen, the  presence  of  large  amounts  of  the  former  and  small  amounts 
of  the  latter  is  readily  explained.  In  an  analysis  of  the  gases  con- 
tained in  the  stomach  of  a  dog  which  had  been  fed  on  meat.  Planer 
found  the  following  proportions: 


Carbon  dioxide 25.2  vol.  per  cent. 

Oxvgen 6.1 

Nitrogen 68.7 


(t        It 
it        ft 


With  a  strict  vegetable  diet,  on  the  other  hand,  hydrogen  may 
also  be  found  (Planer): 


Man.  Dog. 


Carbon  dioxide         .20.79  33.83  32.9  vol.  per  cent 

Oxvgen 0.37  0.8  " 

Nitrogen  .      .      .      .72.50  38.22  66.3  *'        " 

Hydrogen       .      .      .     6.71  27.58 

Marsh  gas,  CH^,  a  product  of  the  fermentation  of  cellulose,  may 
also  be  found  in  pathological  conditions.  It  is  yet  an  open  question 
whether  marsh  gas  is  formed  in  the  stomach  or  passes  into  the  stomach 
from  the  small  intestine. 

Such  observations  must,  however,  be  regarded  as  rarities.  In 
one  ca.sc  of  this  kind,  examined  by  Ewald  and  Ruppstein,*  in  which 
alcohol,  acetic  acid,  lactic  acid,  and  butyric  acid  were  found  in  the 
vomited  material,  an  analysis  of  the  gases  gave  the  following  result: 

*  Cited  by  Boas,  Diagno^tik  ii.  Therapie  d.  Magonkrankheiten,  2d  ed.,  1891, 
p.  140. 

2  Ewald,  Arch.  f.  Anat.  u.  Physiol,  1874,  p.  217. 
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Carbon  dioxide 20 . 6  vol.  per  cent. 

Oxygen 6.5     " 

Nitrogen 41.4 

Hydrogen 20.6 

Marahgas 10.8    " 
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Traces  of  defiant  gas  and  of  hydrogen  sulphide  were  also  found. 
It  is  curious  to  note  that  in  this  case  the  patient,  who,  according  to 
his  own  statement,  had  a  ''vinegar  factory  in  his  stomach  on  one 
day  and  gas  works  on  another  day,"  was  occasionally  able  to  light 
the  eructated  gas  at  the  end  of  a  cigar-holder,  where  it  burnt  with 
a  faintly  luminous  flame.  McNaught  has  reported  a  similar  case 
in  which  the  analysis  furnished  the  following  results:  carbon  di- 
oxide, 56  per  cent.;  hydrogen,  28  per  cent.;  marsh  gas,  6.8  per 
cent. ;  atmospheric  air,  9.2  per  cent.* 

Anmionia  and  hydrogen  sulphide  are  also  at  times  met  with; 
their  presence  is  always  due  to  albuminous  putrefaction. 

Boas'  found  that  hydrogen  sulphide  is  quite  commonly  present 
in  cases  of  dilatation  referable  to  benign  causes,  while  it  is  almost 
always  absent  in  carcinoma.  He  adds  that  it  is  never  found  when 
lactic  acid  is  present.  In  acute  gastritis  it  may  be  observed  tem- 
porarily. In  a  number  of  cases  of  carcinoma  I  have  never  found 
hydrogen  sulphide.  In  one  case  reported  by  Strauss  the  Bacillus 
coli  communis  was  apparently  concerned  in  its  production. 

To  obtain  a  knowledge  of  the  gases  formed  in  the  stomach  during 
the  process  of  digestion  it  is  only  necessary  to  fill  an  ordinary  Doremus 
ureometer,  or  an  Einhom  saccharimeter,  with  the  unfiltered  gastric 
contents,  and  to  keep  it  at  a  temperature  of  from  37°  to  40°  C, 
when  the  evolution  of  gas  can  be  followed  closely  and  the  necessary 
tests  made.  The  presence  of  carbon  dioxide  is  readily  recognized 
by  passing  a  small  amount  of  sodium  hydrate,  in  concentrated 
solution  or  in  substance,  into  the  tube,  after  the  evolution  has  entirely 
ceased,  when  the  fluid  will  rise.  If  other  gases  are  present  at  the 
same  time,  they  will  remain  after  the  carbon  dioxide  has  been  ab- 
sorbed. Hydrogen  sulphide  is  readily  recognized  by  its  odor  and 
by  the  fact  that  it  will  color  a  piece  of  filter  paper,  moistened  with 
a  few  drops  of  sodium  hydrate  and  lead  acetate,  a  more  or  less  pro- 
nounced brown  or  black.  The  test  is  conveniently  made  by  filling 
a  test-tube  about  half-full  with  the  gastric  contents  and  closing 
it  with  a  cork  stopper  to  which  a  strip  of  lead  paper,  prepared  as 
indicated,  is  fastened. 

*  Kuhn,  "  Ueber  Hef^ahrung  und  Bildung  brennbarer  Gase  im  menschlichen 
Magen/'  Zeit.  f.  klin.  Si^d.,  vol.  xxi;  and  iSeutsch.  mad.  Woch.,  1892,  No.  49, 
and  1893,  No.  15. 

*  "  Ueber  Schwefelwasserstoffbildung  im  Magenkrankheiten,"  Centralbl.  f.  inn. 
Med.,  1805,  No.  3;  Deutsch.  med.  Woch.,  1892,  No.  49.  Zawadzki,  "Schwefel- 
wasserstoff  im  erweiterten  Magen,"  Centralbl.  f.  inn.  Med.,  1894,  No.  50.  Dauber, 
"  Schwefelwaaserstoff  im  Magen,"  Arch.  f.  Verdauungskrank.,  vol.  iv,  p.  4. 
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Marsh  gas  is  recognized  by  the  fact  that  it  burns  with  a  scarceljr 
luminous  flame. 

The  eructation  of  gas  formed  in  the  stomach  should  not  be  con- 
founded with  the  so-called  eructatio  nervosa,  in  which  no  gas  is  either 
eructated  or  air  simply  enters  the  esophagus  and  is  expelled  again 
with  a  loud,  explosive  noise.  '^This  may  frequently  be  observed  in 
neurasthenic  and  hysterical  individuals,  and  is  to  a  greater  or  less 
degree  under  the  control  of  the  will. 


Acetona 

The  presence  of  acetone  in  the  gastric  contents  in  pathological 
conditions  has  repeatedly  been  observed,  especially  by  v.  Jaksch  and 
Lorenz,^  and  it  is  curious  to  note  that  the  latter  was  at  times  able  to 
demonstrate  larger  quantities  of  the  substance  in  the  gastric  con- 
tents than  in  the  urine. 

In  the  chapter  on  Acetonuria  the  relation  existing  between  digest- 
ive diseases  and  the  elimination  of  acetone  will  be  dealt  with  more 
fully,  but  it  may  here  be  mentioned  that  in  the  primary  diseases  of 
the  gastro-intestinal  tract  acteone  is  met  with  quite  constantly  in 
the  gastric  contents,  while  it  is  observed  but  rarely  in  the  secondary 
forms,  and  never  is  seen  in  the  gastric  neuroses.  This  statement, 
however,  is  denied  by  Sovelieff,  who  claims  to  have  found  traces  of 
acetone  in  one  case  of  ner\'ous  dyspepsia,  while  negative  results 
were  obtained  in  all  other  diseases  of  the  stomach.  I  have  repeat- 
edly been  able  to  demonstrate  the  presence  of  acetone  in  cases  of 
carcinoma,  and  never  have  found  it  in  neurotic  conditions. 

In  order  to  test  for  acetone,  the  giustric  contents  are  distilled  after 
the  previous  addition  of  a  small  amount  of  phosphoric  acid  (1  to 
KKX)),  when  the  tests  of  Reynolds  and  Gunning  (see  Urine)  are 
applied  to  the  distillate.  If  both  reactions  furnish  a  pasitive  result 
the  presence  of  acetone  may  be  regarded  as  demonstrated.  Den- 
nig^s'  test  may  also  be  employed,  and  can  be  applied  to  the  filtered 
contents  directly  (see  Urine). 


Vomited  Material 

Food  Material. — The  vomiting  of  large  amounts  of  totally  undi- 
gested meat  two  or  three  hours  after  its  ingestion  is  met  with  only 
in  conditions  associated  with  an  entire  absence  of  digestive  juices 
from  the  stomach — /.  r.,  in  cases  of  atrophic  cirrhosis  of  the  stomach 
(anadeny  of  Ewald).     This  condition  is  not  to  be  confounded  with 

»  Zeit.  f.  klin.  Med.,  1891,  vol.  xix,  p.  19. 
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the  regui^tation  of  undigested  food,  mixed  with  mucus  and  saliva, 
which  is  seen  in  cases  of  stricture  of  the  esophagus  or  of  the  car- 
diac orifice  of  the  stomach.  While  at  the  outset  of  the  latter  dis- 
ease the  regurgitation  of  food  occurs  immediately,  or  at  least  very 
soon,  after  a  meal,  it  may  take  place  between  meab  in  the  later 
stages  of  the  disease  when  dilatation  has  occurred.  The  recog- 
nition of  the  origin  of  the  material  brought  up  may  then  be  exceed- 
ingly difficult.  In  such  cases  an  examination  should  be  made  for 
biliary  coloring  matter,  which,  if  present,  will,  of  course,  immediately 
exclude  the  esophagus  as  the  source  of  the  material  ejected,  Un- 
fortimately,  however,  the  reverse  does  not  hold  good.  Small  amounts 
of  undigested  meat  are  of  no  significance.     The  vomiting  of  well- 


loKlln; 
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digested  food  is  observed  in  some  of  the  neuroses  of  the  stomach, 
an<!  also  in  certain  cases  of  acute  and  subacute  gastritis,  ulcer  of  the 
stomach,  and  chronic  gastritis  in  its  early  stages,  llie  vomiting 
referable  to  cerebral  and  spinal  diseases  also  belongs  to  this  cate- 
gory. In  this  connection  it  is  very  important  to  enquire  into  the 
existence  of  nausea  previous  to  the  vomiting,  for,  as  is  well  known, 
considerable  amounts  of  saliva  and  mucus  may  be  swallowed  if 
much  nausea  has  exi.sted,  the  result  being  that  the  process  of  diges- 
tion is  arrested  before  the  occurrence  of  vomiting.  In  such  an  event 
it  would  be  erroneous  to  conclude  that,  because  the  material  ingested 
has  not  reache<l  that  stage  of  digestion  wlii<'h  woul<i  be  expected 
at  the  time  of  the  vomiting,  the  stomach  is  incapable  of  properly 
performing  its  functions. 
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Mucus. — ^The  constant  presence  of  large  amounts  of  mucus  m 
the  gastric  contents  obtained  with  the  stomach  tube  is  almost  path- 
ognomonic of  the  mucous  form  of  gastritis,  while  its  presence  m 
vomited  matter  may  be  referable  to  preexisting  nausea.  In  cases  of 
pharyngitis  moderate  amounts  of  mucus  are  frequently  found.  The 
vomiting  of  pure  mucus,  according  to  Boas,  is  always  pathc^omonic 
of  the  absence  of  dilatation  of  the  stomach,  a  statement  founded  on 
reason,  as  it  is  altogether  unlikely  that  no  particles  of  food  should 
be  brought  up  at  the  same  time. 

Under  the  term  gastrosvccorrhea  mueosa  Dauber*  has  described 
a  condition  in  which  large  amounts  of  mucus  are  secreted  by  the 
non-digesting  organ,  in  the  absence  of  symptoms  pointing  to  a  gas- 
tritis. I  have  observed  a  similar  case  occurring  in  a  neurasthenic 
patient,  in  which  enormous  quantities  of  mucus  could  at  times 
be  obtained  from  the  fasting  organ,  but  never  during  the  process  of 
digestion.  A  mild  degree  of  hyperchlorhydria  existed  at  the  same 
time,  as  well  as  enteritis  mucosa  and  rhinitis  mucosa.  The  motor 
power  was  practically  normal. 

Mucus  is  readily  recognized  on  simple  inspection  by  its  glossy 
appearance.  Chemically,  it  is  distinguished  by  its  behavior  towaid 
acetic  acid  (see  Urine). 

Saliva. — ^The  vomiting  of  pure  saliva  in  the  morning  upon  rising 
is  a  fairly  common  symptom  of  chronic  phaiyngitis,  which  in  turn 
frequently  carries  in  its  train  a  chronic  gastritis;  it  constitutes  the 
so-called  vomihus  malutinus.  Saliva,  like  mucus,  is,  of  course, 
always  present  in  the  gastric  contents  in  small  amounts.  Larger 
amounts  are  usually  referable  to  an  increased  secretion  owing  to  the 
existence  of  nausea.  Chemically,  saliva  is  best  recognized  by  test- 
ing for  the  presence  of  the  sulphocyanides  (see  Saliva). 

Bile. — Bile  is  rarely  obser\ed  in  the  gastric  contents  brought  up 
by  the  stomach  tube,  but  is  frequently  seen  in  vomited  matter,  of 
which  it  mav  be  said  to  l)e  a  constant  constituent  whenever  the 
vomiting  has  been  very  intense  or  frequently  repeated.  Its  presence 
in  the  former  case  should  always  excite  suspicion  of  the  existence  of 
stenosis  of  the  descending  or  horizontal  portion  of  the  duodenum  or 
the  beginning  of  the  jejunum.  This  diagnosis  becomes  the  more 
probable  the  more  constant  its  presence. 

Pancreatic  Juice. — ]Mixed  with  the  bile  there  is  probably  always 
present  some  pancreatic  juice,  and  it  has  been  suggested  that 
the  constant  absence  of  this  constituent,  in  the  presence  of  bile,  is 
strongly  suggestive  of  pancn^atic  disease  or  of  obstruction  of  the 
pancreatic  duct  (the  ductus  Wirsungianiis). 

The  demonstration  of  pancreatic  juice  in  the  stomach  is  possible 

*  "Ueber  kontinuirlichc  Magon-SchUMiim^crotion,"  Arch.  f.  Verdauungskrank., 
vol.  ii,  p.  107. 
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only  if  the  reaction  is  neutral  or  alkaline,  as  the  pancreatic  trypsin  is 
destroyed  by  pepsin-hydrochloric  acid.  If  then  hydrochloric  acid  is 
absent  it  is  well  to  ensure  a  distinctly  alkaline  reaction  by  adding 
a  little  1  per  cent,  solution  of  sodium  carbonate;  a  flake  of  fibrin  is 
added  and  the  mixture  placed  in  the  incubator;  if  digestion  takes 
place  the  presence  of  trypsin  is  established.  The  flakes  of  fibrin  may 
be  previously  colored  with  a  little  Magdala  red;  as  digestion  takes 
place  the  red  is  liberated  and  colors  the  fluid. 

Blood. — ^The  presence  of  unaltered  blood  in  the  gastric  contents 
is  usually  recognized  without  difficulty.  If  the  hemorrhage  has  taken 
place  in  the  stomach  the  color  usually  is  dark  brown  or  black  owing 
to  the  action  of  the  gastric  juice  upon  the  hemoglobin.  Blood  that 
is  bright  red  in  color  and  frothy  is  generally  referable  to  a  pulmonary 
hemorrhage,  but  it  may  happen  that  such  blood  remains  in  the 
stomach  for  some  time  and  may  then  also  appear  brown  or  black. 
In  the  event  of  a  large  gastric  hemorrhage,  on  the  other  hand,  the 
blood  may  be  vomited  bright  red  in  appearance. 

In  order  to  recognize  mere  traces  when  the  macroscopic  and 
even  the  microscopic  examination  do  not  point  to  the  presence 
of  bloody  the  method  of  Miiller  and  Weber  or  that  of  Donogany 
should  be  employed.  Kuttner  claims  that  he  was  thus  able  to  demon- 
strate the  presence  of  blood  in  numerous  cases  of  chlorosis  in  which 
other  tests  furnished  negative  results.  I  have  been  less  successful 
in  the  disease  in  question,  but  admit  that  in  cases  of  carcinoma  and 
ulcer  of  the  stomach  it  is  with  this  method  often  possible  to  find 
traces  of  blood  which  would  otherwise  have  remained  unnoticed. 

The  recognition  of  such  "occult"  bleeding  is  at  times  of  great 
value  in  diagnosis.     (See  Occult  Blood  in  the  Feces.) 

Method  of  Miiller  and  Weber. — ^The  gastric  contents  are  treated 
with  a  few  cubic  centimeters  of  strong  acetic  acid  and  extracted  with 
ether.  Should  the  ether  not  separate  in  a  clear  layer  after  a  few 
minutes,  a  few  drops  of  alcohol  are  added.  If  the  ether  then  re- 
mains colorless,  no  blood  pigment  is  present,  while  a  brownish- 
red  color  indicates  the  presence  of  acetate  of  hematin.  As  a  similar 
but  yellowish-brown  and  much  less  intense  discoloration  of  the 
ether  may  be  produced  by  other- pigments,  such  as  biliary  coloring 
matter,  it  is  well,  in  doubtful  cases,  to  test  the  ethereal  extract  with 
guaiacum  or  aloin.  (See  Tests  for  Occult  Blood  in  the  Feces.)  Spec- 
troscopic examination  of  the  ethereal  extract  may  also  be  resorted  to. 
In  the  presence  of  blood  an  absorption  band  will  be  observed  at  the 
junction  of  the  red  and  yellow. 

Donogany*8  Method. — A  small  amount  of  the  suspected  material 
is  extracted  with  a  20  per  cent,  solution  of  sodium  hydrate  and 
filtered.  A  drop  of  the  filtrate  is  then  mixed  on  a  slide  with  a  drop 
of  pyridin  and  covered  with  a  cover-glass,  when,  in  the  presence  of 
blood,  orange-red  crystals  of  hemochromogen  will  separate  out  on 
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standing  for  a  few  hours.  On  spectroscopic  examination  these 
crystals  will  show  the  characteristic  band  of  absorption  between  the 
yellow  and  the  green. 

Hemorrhage  from  the  stomachy  hemaiemesisy  may  be  observed  in 
the  most  diverse  conditions.  It  is  either  dependent  upon  a  prinuur 
disease  of  the  organ,  such  as  ulcer  and  carcinoma,  or  it  occurs  sec- 
ondarily to  disease  of  other  organs,  leading  to  a  hyperemic  condition 
of  the  gastric  mucosa,  such  as  the  various  forms  of  cardiac,  renal, 
and  hepatic  disease,  in  connection  with  menstrual  abnormalities, 
etc.  In  melena,  purpura  hemorrhagica,  pernicious  anemia,  etc.,  the 
cause  of  the  hemorrhage  cannot  always  be  determined.  Nervous 
influences  also  may  take  part  in  the  causation  of  gastric  hemorrhage. 

Pub. — ^The  occurrence  of  pus  in  vomited  matter,  referable  to 
disease  of  the  stomach  itself,  is  uncommon.  It  is  seen  practically 
only  in  cases  of  phlegmonous  and  diphtheritic  gastritis,  and,  as 
Strauss^  has  pointed  out,  in  carcinoma  affecting  the  smaller  curva- 
ture and  the  region  of  th^  fundus.  In  such  cases  it  is  not  uncom- 
mon to  obtain  as  much  as  one-half  to  two  tablespoonfuls  of  a  muco- 
purulent fluid  from  the  non-digesting  organ.  As  the  motor  function 
in  this  form  of  carcinoma  is  often  unimparied,  the  symptom  may  be 
of  considerable  value  in  diagnosis.  The  presence  of  larger  quantities 
usually  indicates  perforation  into  the  stomach  of  an  accumulation  of 
pus  from  a  neighboring  organ.  An  abscess  of  the  liver,  a  suppurative 
pancreatitis,  an  abscess  of  the  colon,  or  a  subphrenic  abscess  mar 
thus  prove  to  be  its  primar}"  source.  When  present  in  considerable 
amount  pus  is,  of  course,  readily  detected  with  the  naked  eye;  if  any 
doubt  should  arise,  a  microscopic  examination  will  determine  the 
question. 

Stercoraceous  Material. — Very  important  from  a  clinical  stand- 
point is  the  vomiting  of  stercoraceous  matter  which  is  notably  observed 
in  cases  of  ileus.  Usually  this  is  recognized  without  difficulty  by  its 
odor,  which  is  referable  to  the  presence  of  skatol.  If  any  doubt 
should  arise,  it  is  only  necessarv  to  distil  the  vomited  matter  after  the 
addition  of  a  little  phosphoric  acid,  and  to  test  for  the  presence  of 
phenol,  indol,  and  skatol  in  the  distillate,  as  described  in  the  chapter 
on  Feces.  When  chieflv  derived  from  the  small  intestine,  the  vomited 
matter,  according  to  v.  Jaksch,  will  contain  bile  acids  and  bile  pig- 
ment together  with  an  ahiiiidance  of  fat,  which  may  be  detected 
by  chemical  or  microscopic  examination.  The  reaction  is  usually 
alkaline  or  feebly  acid. 

I  have  had  (K'casion  to  examine  th(^  vomited  matter  of  a  patient 
in  whom  an  almost  complete  obstruction  existed  immediately  above 
the  ileocecal  valve;  the  color  of  the  material  was  a  golden  yellow,  the 
reaction  neutral;  no  bile  pigment  or  hiliarv  acids  were  found,  while 
hydrobilirubin  was  present. 

»  "  Ueber  Eiter  im  Mageii,"  Berlin,  klin.  Wo(;h.,  1899,  p.  870. 
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Parasites. — Of  parasites,  ascarides,  segments  of  teniae,  trichinae, 
Ankylostoma  duodenale,  and  Oxyuris  vermieularis  are,  at  times, 
encountered.  Protozoa  have  been  described  in  the  stomach  contents 
of  patients  with  carcinoma,  by  Hensen,  Striibe,  Zabel,  Ullmann, 
Cohnheim,  Nichols,  and  others.  (See  Microscopic  Examination  of 
Stomach  Contents.) 

Odor. — ^The  odor  of  normal  gastric  juice  is  peculiar,  suggesting 
the  presence  of  an  acid,  which  can  be  sharply  distinguished  from 
acetic  or  butyric  acid.  If  blood  is  present  in  large  amount,  the 
vomitus  emits  an  odor  which  is  perfectly  characteristic.  A  feculent 
odor  is  met  with  in  cases  of  enterostenosis  or  in  the  presence  of  an 
abnormal  communication  between  the  stomach  and  the  small  or 
large  intestine.  A  putrid  odor  may  be  observed  in  cases  of  ulcera- 
tive carcinoma,  pyloric  stenosis  referable  to  ulcer,  simple  carcinoma 
of  the  stomach,  muscular  hypertrophy  of  the  pylorus,  stenosis  due 
to  inflammatory  adhesions,  etc.  In  cases  of  phosphorus  poisoning 
the  vomited  matter  emits  an  odor  of  garlic;  the  odor  observed  in 
uremic  conditions  is  referable  to  ammonia;  a  carbolic  acid  odor  is  met 
with  in  cases  of  poisoning  with  this  substance. 
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In  the  gastric  contents  obtained  from  the  non-digesting  stomach 
the*  various  morphological  constituents  of  mucus  and  saliva,  which 
have  been  described  elsewhere,  are  found.  Microscopic  particles  of 
food,  such  as  elastic  tissue  fibers,  starch  granules,  fat  droplets,  fatty 
acid  ciystals,  vegetable  and  muscle  fibers,  are,  furthermore,  quite 
constantly  seen.  Leukocytes  and  isolated  nuclei  also  are  observed; 
the  latter  are  set  free  by  the  action  of  the  gastric  juice  upon  the 
mucous  corpuscles  and  epithelial  cells. 

If  gastric  juice  is  allowed  to  stand,  small  tapioca-like  bodies  will 
collect  at  the  bottom  of  the  vessel,  which  upon  microscopic  exami- 
nation will  be  seen  to  contain  numerous  snail-shell-like  formations, 
occurring  either  singly  or  collected  in  groups.  These  probably  con- 
sist of  altered  mucin,  as  they  can  be  produced  artificially  by  adding 
a  sufficient  amount  of  dilute  hvdrochloric  acid  to  saliva.  Accord- 
ing  to  Boas,  thfey  are  of  no  diagnostic  significance. 

Epithelial  cells,  fragments  of  the  epithelial  lining  of  the  ducts  of 
glands,  as  well  as  goblet  cells,  are  not  infrequently  met  with  in  the 
juice  obtained  from  the  non-<Hgesting  organ.  In  addition,  various 
microorganisms,  such  as  the  I^ptothrix  buccalis,  Bacillus  subtilis, 
saccharomyces,  micrococci  (often  arranged  in  the  form  of  tetrahedra), 
Clostridium  butyricum,  etc.,  may  be  encountered. 

Among  the  bacteria  which  may  be  found  in  the  gastric  contents 
under  pathological  conditions  the  bacillus  described  by  Boas  and 
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Oppler^  is  undoubtedly  the  most  important,  and  has  attracted  much 
attention.  It  is  quite  constantly  present  in  carcinoma,  at  a  time  whoi 
lactic  acid  can  be  demonstrated  in  large  amount.  It  is  an  active 
lactic  acid  producer  and  its  presence  may  hence  be  r^arded  as  indi- 
cating advanced  lactic  acid  fermentation.  It  is  almost  always  absent 
in  non-malignant  disease  of  the  stomach.  The  organism  (Fig.  69) 
is  non-motile,  and  essentially  characterized  by  its  great  length  and 
by  the  fact  that  the  individual  bacilli  are  frequently  seen  joined  end 
to  end,  forming  long  threads  and  zigzag  lines.  Often  the  entire  field 
of  vision  is  filled  with  dense  conglomerations,  and  in  advanced  cases 
it  is  usual  to  find  the  Boas-Oppler  bacillus  present  almost  exclusively 
in  viable  form.  The  organism  is  readily  stained  with  the  usual 
aniline  dyes.  I  have  succeeded  in  growing  the  organism  on  blood 
serum  and  usually  also  on  plain  agar,  but  it  is  very  apt  to  undergo 
changes  in  size  which  may  lead  one  to  think  that  it  has  been  lost  or 
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Fio.  69.--Boa«-()pi)Ier  bacillua. 

overgrown  by  other  bacilli.  Growth  may  sometimes  be  obtained  by 
rendering  the  culture  medium  acid  with  lactic  acid  to  the  extent  to 
which  this  was  present  in  the  stomach  conients. 

Tubercle  bacilli  may  he  found  in  vomited  matter  in  cases  of  phthisis, 
where  the  sputa  have  been  swallowed.  Tuberculous  ulceration  of  the 
stomach  is  exceedingly  rare.  Sinimonds  re|X)rts  that  in  2000  autopsies 
of  tuberculous  individuals  the  condition  was  noted  only  eight  times. 

Sarcincr  (see  Fig.  ()S)  occur  in  the  form  of  peculiar  colonies  of  cocci, 
arranged  in  scjuares  or  tetrahedra,  rt\seml)ling  cotton  bales.  Not 
infrequently  they  iirv  encountered  under  normal  conditions,  but  only 
in  small  numbers.     In  pathological  conditions,  on  the  other  hand,  a 

*  "Zur  Konntniss  dos  Majrfninhalts  hoi  rarcinonia  ventriculi,"  Deutsch.  med. 
Woch.,  1895,  Nr.  5.  KaufTinaini,  "  TcIkt  ciiien  ikmich  Milchsiiurebacillu8,"  etc., 
Wien.  klin.  Woch..  1895,  Nr.  S.  Schlesingcr  u.  KaiitTinann,  Wien.  klin.  Rund- 
schau, 1895,  Nr.  15. 
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drop  of  the  gastric  contents  may  constitute  an  almost  pure  culture. 
A  case  is  on  record  in  which  the  pylorus  had  become  entirely  occluded 
by  an  inspissated  mass  of  these  organisms.  Whenever  present  the 
existence  of  certain  fermentative  processes  may  be  inferred.  It  is 
Curious  to  note  that  in  advanced  cases  of  carcinoma  of  the  stomach 
sarcinse  are  practically  never  seen,  although  the  conditions  are  appa- 
rently most  favorable  for  their  development.  Oppler*  was  unable 
to  find  them  twenty-four  hours  after  their  introduction  in  large 
numbers  and  in  pure  culture.  In  cases  of  carcinoma  of  the  curva- 
tures and  the  walls,  as  also  in  advanced  pyloric  carcinoma,  sarcinnp 
were  never  found,  while  they  may  be  present  in  incipient  cases  of 
pyloric  carcinoma  so  long  as  hydrochloric  acid  is  secreted. 

Protozoa  have  been  found  in  the  stomach  contents  by  several 
observers.  Nichols*  has  collected  23  cases  from  the  literature.  The 
most  common  are  trichomonads  and  next  in  order  Megastoma  enteri- 
cum  (Lamblia  intestinalis) ;  whether  or  not  still  other  varieties  occur 
is  not  clear  from  the  meager  descriptions  which  are  usually  given. 
Flagellates,  amebas,  and  monads  are  mentioned  in  a  general  way. 
Megastoma  and  trichomonads  may  be  found  together.  The  presence 
of  protozoa  is  most  common  in  carcinoma  of  the  stomach  (19  out  of 
23  cases).  The  reaction  of  the  material  in  which  they  are  found  is 
almost  invariably  alkaline  or  neutral.  It  is  noteworthy  that  in  several 
cases  trichomonads  were  also  found  in  carious  teeth  and  in  many 
in  the  stools  of  the  patients. 

In  esophageal  carcinoma  protozoa  have  also  been  found  in  the 
esophageal  material. 

From  the  available  data  there  can  be  no  question  that  the  presence 
of  protozoa  in  the  stomach  contents  is  suggestive  of  non-obstructive 
carcinoma.  To  hunt  for  the  parasites  it  is  best  to  obtain  material 
from  the  fasting  organ  and  to  examine  this  as  soon  as  possible,  taking 
care  that  it  is  not  exposed  to  cold.  Attention  should  be  especially 
directed  to  any  solid  particles  that  may  be  visible  with  the  naked  eye. 

In  vomited  material  containing  biliaiy  coloring  matter,  leucin, 
tyrosin,  and  cholesterin  are  quite  commonly  observed,  and  may  be 
recognized  by  the  form  of  their  crystals,  as  well  as  by  their  chemical 
reactions,  which  are  described  elsewhere. 

The  occurrence  of  blood  and  pus  in  the  gastric  contents  has  been 
considered. 

It  not  infrequently  happens  that  small  shreds  of  mucous  mem- 
brane are  brought  away  by  the  stomach  tube,  and  in  cases  of  chronic 
gastritis,  hyperchlorhydria  not  dependent  upon  ulcer,  and  in  some 
of  the  neuroses,  this  is  indeed  not  at  all  uncommon.'    Boas  even 

'  Munch,  med.  Woch.,  1894,  No.  29. 

'  Amer.  Joum.,  July  1905,  p.  120.  G.  Striil^e,  "Trichomonas  hominis  l)ei 
Carcinoma  ventriculi,"  Berhn.  klin.  Woch.,  1898,  p.  708.  P.  Cohnheim,  Deutsch. 
med.  Woch.,  1903,  vol.  xxix,  p.  206. 

•  M.  Einhom,  Med.  Record,  June  23,  1894;  Berlin,  klin.  Woch.,  1895,  No.  20; 
Arch.  f.  Verdauungskrankheiten,  vol.  v.  Heft  3. 
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suggests  that  in  the  neuroses,  where  fragments  of  mucous  membrane 
are  so  readily  detached,  this  may  possibly  be  connected  etiologicalh 
with  the  formation  of  ulcers,  and  there  can  be  no  doubt  that  the 
mere  action  of  the  abdominal  muscles  exerted  during  the  process 
of  defecation  may  be  sufficient  to  detach  such  fragments.  From 
the  microscopic  appearance  of  the  particles  the  diagnosis  between  a 
gastric  neurosis  and  one  of  the  various  forms  of  chronic  gastritis 
may  frequently  be  made,  and  the  same  may  be  said  to  hold  good  in 
the  differential  diagnosis  between  a  true  gastritis  and  a  glandular 
insufficiency  referable  to  passive  congestion  of  the  gastric  mucosa. 

At  times  tumor  particles  also  are  found  in  the  gastric  contents/ 
When  particles  of  tissue  are  found  they  should  be  hardened  at  once, 
and  then  sectioned. 


EXAMINATION  OF  THE  MOTOR  POWER  OF  THE  STOMACH. 

Under  physiological  conditions  the  stomach  should  contain  but 
few  particles  of  food,  or  none  at  all,  six  hours  aftet  the  ingestion  of 
Riegel's  meal,  or  one  and  one-half  to  one  and  three-quarters  hours 
after  that  of  Ewald.  A  delay  in  the  propulsion  of  the  gastric  contents 
may  be  referable  to  the  existence  of  a  simple  atony  or  to  dilatation 
of  the  stomach.  According  to  Boas,  an  atony  may  usually  be  diag- 
nosticated if,  following  the  exhibition  of  a  supper  consisting  of  bread 
and  butter,  cold  meat,  and  a  large  cupful  of  tea,  the  stomach  is  found 
empty  in  the  morning,  providing,  of  course,  that  symptoms  exist 
which  point  to  atony  or  dilatation.  It  should  be  remembered,  however, 
that  in  cases  of  acute  and  subacute  gastritis,  in  the  absence  of  a  more 
serious  lesion,  food  may  be  foimd  in  the  stomach  twenty-four  hours 
after  its  ingestion.  A  dilatation  may,  on  the  other  hand,  l)e  diagnosti- 
cated if  the  stomach  under  the  same  conditions  contains  a  considerable 
amount  of  food.  In  such  cases  it  happens  that  not  only  remnants 
of  the  test  supper,  but  remains  of  meals  taken  one,  two,  three,  or 
even  more  days  previously  are  found.  The  quantities,  moreover, 
which  may  be  obtained  at  the  time  of  examination  are  often  surpris- 
ingly great,  and  may  amount  to  sixteen  pounds  or  more.  Portel 
cites  the  ease  of  the  Due  de  (^hausnes,  one  of  Paris'  greatest  gour- 
mands, whose  stomach  could  hold  4.5  liters — i,  c,  8  pints. 

The  following  methods  may  be  employed  for  the  purpose  of  testing 
the  motor  power  of  the  stomach: 

Leube's  Method.' — Six  hours  after  the  ingestion  of  Riegel's 
meal  the  stomach  is  washed  out  with  about  KXX)  c.c.  of  water.  In 
the  presence  of  only  slight  traces  of  food  the  motor  power  may  be 

*  V.  Cohnhoiin,  **  I).  HtHloiitunp:  klciiuT  Schlciinhautstuckchen  f.  d.  Diagnostik 
d.  Magt^nkniuklu'iton,"  Arrh.  I'.  Vrnlauiingsknmkheitoii,  1890,  vol.  i,  p.  274. 

*  Deutsch.  Arch.  I',  kliii.  Med.,  vol.  xxxiii. 
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regarded  as  normal.  This  method  is  undoubtedly  the  most  con- 
venient for  practical  purposes. 

The  Salol  Test  of  Ewald  and  Sievers.'— This  test  is  based  upon 

the  observation  that  salol  is  decomposed  into  phenol  and  salicylic 
acid  only  in  an  alkaline  medium.  As  the  salicylic  acid  is  eliminated 
in  the  urine  as  salicyluric  acid,  it  is  possible  to  determine  the  time 
of  the  passage  of  the  salol  from  the  stomach  to  the  small  intestine. 

A  capsule  containing  1  gram  of  salol  is  given  to  the  patient  im- 
mediately after  his  breakfast  or  dinner,  when  separate  portions  of 
urine,  passed  one-half,  one  hour,  two  hours,  and  twenty-four  hours 
later,  are  tested  by  adding  a  small  amount  of  a  solution  of  ferric 
chloride.  In  the  presence  of  salicyluric  acid  a  violet  color  results. 
Under  normal  conditions  a  positive  reaction  is  obtained  after  from 
forty-five  to  seventy-five  minutes.  A  further  delay  may  usually  be 
regarded  as  indicating  the  existence  of  motor  insufficiency.  If  no 
result  is  obtained  after  twenty-four  hours,  a  pyloric  stenosis  undoubt- 
edly exists.  Under  normal  conditions,  furthermore,  it  will  be  observed 
that  the  salol  elimination  is  completed  after  twenty-four  hours, 
while  in  cases  of  dilatation  of  the  stomach  a  positive  reaction  may 
still  be  obtained  after  thirty  hours.  It  is  thus  possible  to  distinguish 
between  dilatation  and  descent  of  the  stomach. 

The  test,  while  it  is  convenient  and  usually  yields  fair  results,  is 
not  altogether  reliable,  as  the  decomposition  of  the  salol  may  at 
times  occur  in  the  stomach,  owing  to  the  presence  of  alkaline  mucus, 
or  may  be  delayed  in  the  intestines  owing  to  the  existence  of  acid 
Termentation,  etc.* 


EXAMINATION  OF  THE  BE80RPTIVE  POWER  OF  THE  STOMACH. 

To  this  end  a  capsule  containing  0.2  gram  of  potassium  iodide 
is  given  to  the  patient  shortly  before  a  meal,  and  the  saliva  examined 
for  the  presence  of  potassium  iodide  at  intervals  of  from  two  to  three 
minutes.'  To  this  end  strips  of  filter  paper  moistened  with  starch 
solution  are  immersed  in  the  saliva,  which  has  been  acidified  with 
nitric  acid;  the  paper  turns  blue  if  iodide  be  present.  Under  normal 
conditions  a  violet  color  is  obtained  after  from  six  and  one-half  to 
eleven  minutes,  and  a  bluish  tint  after  from  seven  and  one-half  to 
fifteen  minutes.  In  pathological  conditions  a  delayed  reaction  is 
observed  in  almost  all  diseases  of  the  stomach,  and  is  especially 
marked  in  cases  of  dilatation  and  carcinoma,  less  so  in  chronic  gas- 
tritis, and  variable  in  ulcer. 

*  Therap.  Monats.,  Augiiat,  1887. 

'  Bninner,  Deutsch.  m^.  Woch.,  1889.     Huber,  Correspondenzbl.  f.  schweizer 
Aerzte  1890. 
»  Penzoldt,  Berlin,  klin.  Woch.,  1892     Faber,  Inaug.  Diss.,  Erlangen,  1882. 
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Absolute  conclusions^  however,  cannot  be  drawn  from  results  thus 
obtained,  as  a  normal  reaction  time  has  also  been  observed  in  caaes 
of  dilatation  and  chronic  gastritis. 


INDIREOT  EXAMINATION  OF  THE  GASTRIC  JUICE. 

Otinzburg's  Method. — In  those  cases  in  which  for  any  reason  the 
introduction  of  the  stomach  tube  is  contra-indicated  or  impracticable 
the  following  method,  suggested  by  Gunzbuig,  may  be  employed: 

A  tablet  of  0.2  to  0.3  gram  of  potassium  iodide  is  inserted  into 
a  piece  of  the  thinnest  possible,  strongly  vulcanized  rubber  tubing, 
measuring  about  2.5  cm.  in  length.    The  ends  are  folded  as  shown 


Fig.  70. — A  fibrin-potassium-iodide  package  of  GCknsburg. 

in  Fig.  70,  and  the  little  package  tied  with  three  threads  of  fibrin 
hardened  in  alcohol.  Every  package  should  be  examined  before 
use,  by  immersion  in  warm  water  for  several  hours,  to  determine  its 
tightness,  testing  for  the  presence  of  potassium  iodide  by  means  of 
starch  paper  and  fuming  nitric  acid.  One  of  these  packages  is 
swallowed  by  the  patient  three-quarters  to  one  hour  after  an  Ewald 
test  breakfast,  and  the  saliva  tested  for  potassium  iodide  at  intervals 
of  fifteen  minutes,  until  a  positive  result  is  reached  or  until  six  hours 
have  elapsed.  It  is  unnecessary  to  wait  longer  than  six  hours.  In 
the  presence  of  free  hydrochloric  acid  the  threads  of  fibrin  are  dis- 
solved and  the  potassium  iodide  absorbed.  Under  normal  conditions 
a  positive  reaction  is  obtained  after  from  one  to  one  and  three-quar- 
ters hours,  while  anachlorhydria  undoubtedly  exists  if  no  result  is 
obtained  within  five  or  six  hours.  In  cases  of  hypochlorhydria  the 
reaction  is  delayed  for  more  than  two  to  three  hours.  Giinzburg 
further  advises  that  the  resorption  test  with  potassium  iodide  be 
also  made,  and  that  the  reaction  time  be  deducted  from  that  taken 
up  in  the  elimination  of  the  iodide  contained  in  the  package.  Sev- 
eral tests,  moreover,  should  be  made  in  the  same  case. 

I  have  had  occasion  to  experiment  with  packages  obtained  from 
Germany,  and  manufactured  according  to  the  directions  of  Giinz- 
burg.* In  most  of  the  packages  the  threads  of  fibrin  had  become 
brittle  and  were  broken  in  transit.  The  results  obtained  with  about 
twenty  intact  specimens,  however,  were  entirely  satisfactory,  and  it 
is  to  be  regretted  that  the  packages  cannot  be  obtained  in  the  American 
market. 

*  G6the  Apotheke,  Frankfurt  a.  M. 
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Similar  packages  have  been  constructed  by  Sahli  (desmoid  reac- 
tion). In  this  case  pills  of  methylene  blue  or  iodoform  are  enclosed 
in  little  pieces  of  rubber  tissue  and  closed  with  catgut.  They  are 
administered  at  the  noon  meal  and  the  urine  (viz.,  saliva)  tested  at 
5  and  7  p.m.  and  again  in  the  morning.' 

Reach  has  of  late  made  use  of  barium  io<late  and  the  oxyiodate  of 
bismuth  for  the  same  purpose,  but  without  enclosing  the  substance 
in  rubber.  As  hydrochloric  acid  only  is  capable  of  liberating  the 
iodine  from  these  bodies,  they  may  be  employed  instead  of  the  Giinz- 
burg  packages.  As  a  result  of  his  examinations,  he  concludes  that 
in  the  presence  of  hydrochloric  acid  iodine  can  thus  be  demonstrated 
in  the  saliva  within  eighty  minutes.  He  finds,  however,  that  at 
times  the  reaction  occurs  later  than  might  have  been  supposed^from 
the  amount  of  hydrochloric  acid  found. 

^  Monod,  Joum.  de  physiol.  ct  dc  pathol.  g^n.,  1906,  vol.  viii,  p.  853. 


CHAPTER   IV. 

THE  FECES. 

The  feces  constitute  a  mixture  of  indigestible  and  undigested 
particles  of  food,  of  unabsorbed  secretions  of  the  gastro-intestinal 
tract,  and  their  decomposition  products,  together  with  intestinal 
mucus,  epithelial  cells,  and  bacteria. 

EXAMINATION  OF  NORMAL  FECES. 

General  Characteristics. 

Number  of  Stools. — ^The  number  of  stools  which  may  be  [Missed 
in  the  twenty-four  hours  is  subject  to  wide  variation,  even  under 
physiological  conditions,  but  is  usually  constant  for  one  and  the  same 
individual.  One  or  two  stools  jtro  die  may  be  regarded  as  normal. 
Exceptions,  however,  are  frequent.  Persons  are  thus  met  with  who 
have  but  one  stool  ever}'  two  to  four  days,  and  cases  are  on  record 
in  which  only  one  passage  occurred  every  seven  to  fourteen  days, 
the  individuals  evidently  enjoying  perfect  health.  On  the  other 
hand,  the  number  of  stools  may  be  increased  to  three  or  four  under 
strictly  normal  conditions.  Hence  the  importance  of  accurately  ascer- 
taining  the  habiiual  number  of  stools  in  every  individiud.  It  would 
thus  be  manifestly  wrong  to  regard  the  passage  of  three  stools  daily 
as  diarrhea,  or  the  passage  of  only  one  stool  in  forty-eight  hours  as 
constipation,  if  this  number  has  been  habitual  throughout  life. 

Diarrhea  is  said  to  exist  when  the  consistence  of  the  stools  is 
materially  diminished;  the  numlxT  is  then  also  usually  increased. 
This  may  varv  from  two  to  thirtv,  forty,  and  even  fiftv  in  the  twenty- 
four  hours.  On  the  other  hand,  a  single  stool  in  the  twenty-four 
hours  may  constitute  diarrhea,  l^he  most  extreme  grades  of  diarrhea 
are  obser\'e(I  in  Asiatic  cliolera,  dysentery,  and  the  summer  diarrhea 
of  infants. 

Amount. — In  those  cases  in  which  more  than  one  or  two  stools 
occur  in  twentv-four  hours  it  is  well  to  ascertain  the  amount  actually 
passed.  The  normal  amount  varies  between  100  and  200  grams.^ 
This  quantity  is  increas(Ml  by  a  diet  rich  in  vegetable  and  starchy 

*  Voit,  Zeit.  f.  Biol.,  vol.  xxv,  p.  264. 
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foods,  and  is  diminished  by  one  rich  in  animal  proteids,  so  that  60 
and  270  grams  may  be  regarded  as  the  extreme  limits  in  health. 
Such  amounts  as  500  and  1000  grams  are  certainly  abnormal. 

Average  quantities  for  various  ages  are  given  in  the  following 
table,  which  is  taken  from  Schmidt  and  Strassburger:^ 
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Unusually  large  amounts  of  fecal  matter  may  be  observed  follow- 
ing an  attack  of  constipation  of  long  duration  or  an  attack  of  obstruc- 
tion. Lynch  reports  a  remarkable  instance  in  which,  following  a 
prolonged  attack  of  constipation,  an  enema  caused  the  evacuation  of 
20  kgrms.  of  fecal  matter.  Especially  large  amounts  of  feces  are 
observed  in  cases  of  biliary  obstruction,  where  1100  grams  may  be 
exceeded.  In  cases  of  fermentative  dyspepsia  the  amount  may  also 
be  large,  varying  between  400  and  900  grams,  while  the  patients  are 
on  a  diet  on  which  normal  individuals  would  pass  from  200  to  270 
grams  in  the  twenty-four  hours.  Still  larger  amounts  are  noted  in 
cases  of  enteritis.  Schmidt  mentions  a  case  in  which  2780  grams 
were  eliminated  (these  figures  have  reference  to  a  three  days'  experi- 
ment with  a  test  diet;  see  p.  268). 

Consistence  and  Form. — ^The  consistence  of  a  stool  depends 
essentially  upon  the  amount  of  water  present,  and  hence  upon  the 
nature  of  the  food  ingested,  being  softer  with  a  purely  vegetable 
diet  (80  to  85  per  cent,  of  water)  than  with  a  diet  rich  in  animal  pro- 
teids (60  to  65  per  cent.).  With  a  mixed  diet  the  amount  of  water 
corresponds  to  about  75  per  cent.  As  a  general  rule,  normal  stools 
exhibit  the  characteristic  cylindrical  form  and  are  fairly  firm.  Mushy 
stools,  however,  are  also  seen  quite  frequently,  and  round,  scybalous 
masses,  although  far  more  common  in  constipation,  may  likewise  be 
observed  in  health.  The  individual  scybala  usually  vaiy  in  size 
from  that  of  a  hazelnut  to  that  of  a  walnut,  and  are  frequently  pro- 
vided with  one  or  two  indentations  which  represent  impressions  of 
the  tenia  of  the  colon.  Still  smaller  masses,  resembling  the  dejecta 
of  sheep,  may  also  be  seen.  Their  presence  was  formerly  regarded 
as  characteristic  of  stricture  of  the  colon,  but  they  are  likewise  found 
in  ordinary  cases  of  chronic  constipation.     Fecal  ribbons  and  columns 

*  Die  Faeces  d.  Menschen,  Berlin,  1961,  A.  Hirschwald. 
17 
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of  the  diameter  of  a  pencil  are  found  in  eases  of  enterospasm  of  neu- 
rotic origin,  as  well  as  in  stricture  of  the  colon. 

Odor. — ^The  repugnant  odor  of  the  feces  is,  to  a  large  extent,  due 
to  the  presence  of  indol  and  skatol  and  in  some  cases  also  to  hydrogen 
sulphide,  methane,  and  phosphine.  A  most  disagreeable  odor  is  met 
with  in  the  so-called  acholic  stools.  The  odor  of  fatty  acids  is  observed 
in  the  lighter  grades  of  infantile  diarrhea,  while  a  markedly  putrid 
odor  is  associated  with  its  severer  forms.  A  very  characteristic, 
sperm-like  odor  is  noted  in  the  stools  of  cholera,  owing  to  the  pres- 
ence of  considerable  quantities  of  cadaverin.  A  truly  rotten  stench 
is  present  in  the  gangrenous  form  of  dysentery,  and  in  carcinomatous 
and  syphilitic  ulceration  of  the  rectum.  An  ammoniacal  odor  is 
due  to  an  admixture  of  urine  undergoing  ammoniacal  decomposition. 

Color. — ^The  color  of  the  feces  varies,  according  to  the  nature  of 
the  food  ingested,  from  a  light  to  almost  a  blackish  brown,  a  firm 
stool  being  in  general  darker  than  a  thin  stool.  A  stool  that  has 
remained  exposed  to  the  air  is  also  somewhat  darker  upon  its  outer 
surface  than  in  its  interior,  owing  to  processes  of  oxidation.  In 
nursing  infants,  in  consequence  of  the  exclusive  ingestion  of  milk, 
the  color  is  light  yellow. 

Under  normal  conditions  the  color  is  never  due  to  native  biliary 
coloring  matter,  but  is  largely  dependent  upon  the  presence  of  uro- 
bilin. It  Ls,  furthermore,  influenced  by  the  nature  of  the  food, 
chlorophyll  tending  to  produce  a  greenish  color,  starches  a  yellowish 
tinge.  If  much  blood  is  present  in  the  food  the  feces  may  be  almost 
black,  owing  to  the  formation  of  hematin.  Hucklel)crries  and  red 
wine  likewise  produce  a  blackish  color,  chocolate  and  cocoa  a  gray; 
preparations  of  iron,  manganese,  and  bismuth  color  the  feces  dark 
brown  or  black,  owing  to  the  formation  of  sulphides  of  these  metals; 
the  green  color  of  calomel  stools  was  formerly  supposed  to  be  due  to 
the  jformation  of  ii  sulphide,  but  is  more  likely  caused  by  the  presence 
of  biliverdin.  Santonin,  rheum,  and  senna  produce  a  yellow  color. 
Quite  characteristic  also  are  the  ipecacuanha  stools,  which  closely 
resemble  the  so-called  acholic  stools. 

The  color  of  the  feces  in  disease  niav  vary  a  great  deal.  When 
unaltered  bile  is  present,  the  stools  may  assume  a  golden-yellow, 
a  greenish-yellow,  or  even  a  green  color.  In  cases  of  biliary  ob- 
struction or  suppression,  on  the  other  hand,  they  become  pasty  and 
have  a  grayish  or  even  a  white  color.  This,  however,  is  not  so 
much  due  to  the  absence  of  coloring  matter  derived  from  the  bile  as 
to  an  insufficient  absorption  of  fats,  as  was  shown  by  Striimpell,  who 
succeeded  in  obtaining  stools  of  a  light-brown  color  after  feeding 
patients  affected  with  catarrhal  jaundice  upon  a  diet  containing 
minimal  amounts  of  fat..  Such  acholic  or  colorless  stoobt,  as  it  would 
be  better  to  sav,  are  not  only  found  associated  with  biliary  obstruc- 
tion,  but  may  also  occur  when  the  ducts  arc  patent.    They  have  been 
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observed  in  various  cases  of  leukemia^  carcinoma  of  the  stomach  or  in- 
testine, in  simple  infantile  enteritis,  chronic  nephritis,  chlorosis,  scaria- 
tina,  tuberculous  enteritis,  and  especially  frequently  in  debilitated  con- 
sumptives and  in  cases  of  chronic  tuberculous  peritonitis  in  children. 
In  some  of  these  conditions,  as  in  tuberculosb  of  the  intestines  and  of 
the  peritoneum,  the  lack  of  color  is  probably  due  to  a  diminished 
absorption  of  fats.  In  others,  however,  this  explanation  does  not 
hold  good,  as  abnormally  large  amounts  of  fat  are  not  necessarily 
present.  In  such  cases  the  lack  of  color  is  probably  referable  to  the 
formation  of  colorless  decomposition  products  of  bilirubin,  such  as 
the  leuko-urobilin  of  Nencki.  In  this  connection  it  may  be  interest- 
ing to  note  that  in  those  cases  in  which  the  biliary  ducts  are  patent  the 
color  of  the  stools  may  vary  not  only  from  day  to  day,  but  even  within 
the  twenty-four  hours.  A  neurasthenic  patient  occurring  in  my  prac- 
tice thus  passed  an  acholic  stool  almost  every  morning  and  usually 
colored  feces  in  the  afternoon,  for  a  period  of  several  weeks. 

Generally  speaking,  the  color  of  the  stools  becomes  lighter  the 
larger  the  number  of  movements,  and  vice  versa.  In  Asiatic  cholera 
and  dysentery  they  may  be  colorless,  while  in  severe  constipation 
the  scvbalous  masses  are  almost  black. 

An  admixture  of  pus  in  notable  amounts  also  gives  rise  to  a  charac- 
teristic color,  as  is  seen  in  cases  of  dysentery,  syphilitic  and  carcino- 
matous ulceration  of  the  colon  and  rectum,  following  the  perforation 
of  a  parametritic  or  periproctitic  abscess  into  the  rectum,  etc. 

Carter  and  MacMunn*  have  recently  pointed  out  that  at  times  a 
chromogen  may  be  present  in  the  feces,  which  on  exposure  to  the 
air  is  transformed  into  a  red  pigment,  simulating  blood-coloring 
matter.  They  report  three  cases  in  which  this  was  observed.  Mac- 
Munn  expresses  the  opinion  that  the  substance  in  question  is  closely 
related  to  stercobilin.  The  stools  showed  streaks  of  red  upon  the 
surface,  and  after  further  exposure  and  repeated  agitation  turned  a 
pronounced  blood  red  throughout. 

Green  stools  are  observed  especially  in  infants,  and  may  be  refer- 
able to  two  different  causes,  being  dependent  on  the  one  hand  upon 
the  presence  of  a  bacillus,  described  by  Le  Sage,  which  produces  a 
green  coloring  matter,  while  on  the  other  it  may  he  referable  to 
biliverdin.  When  green  stools  occur  frequently,  this  condition  is 
associated  with  the  clinical  symptoms  of  a  severe  cholera  infantum. 
Such  stools  have  also  been  noted  in  dysentery  referable  to  infection 
with  the  Bacillus  pyocyaneus. 

If  blood  is  present  the  stools  may  present  a  scarlet  red,  a  dirty 
brownish  red,  a  coffee,  or  even  a  perfectly  black  color.  Adherent 
blood,  usually  bright  red  in  color  and  found  on  scybalous  masses,  is 
probably  always  derived  from  the  rectum  or  anus,  while  a  change  in 

^  Prit,  Med.  Jour.,  1899, 
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color,  indicating  an  earlier  date  of  the  bleeding,  usually  points  to 
the  colon. 

An  intimate  admixture  of  blood  with  the  stool,  the  color  being  at 
the  same  time  altered,  so  as  to  vary  from  a  brownish  red  to  black 
(owing  to  the  presence  of  ferrous  sulphide),  is  indicative  of  hemo^ 
rhage  into  the  stomach  or  the  small  intestine.  The  darker  the  color 
the  more  remote  from  the  anus  will  be,  as  a  rule,  .the  seat  of  the 
hemorrhage.  Black  or  coffee-colored  stools  are  thus  observed  in 
cases  of  ulcer  of  the  stomach  or  of  the  duodenum,  in  melena  neona- 
torum, and  similar  conditions. 

When  profuse  intestinal  hemorrhages  take  place,  however,  as  in 
some  cases  of  typhoid  fever  and  melena,  and  particularly  when 
diarrhea  exists  at  the  same  time,  the  blood  which  appears  in  the 
stools  may  be  changed  very  little  or  not  at  all. 

While  simple  inspection  or  a  microscopic  examination  of  the  feces 
will  often  determine  whether  or  not  blood  is  present,  it  has  been 
ascertained  that  occvU  bleeding  may  frequently  occur  where  the 
presence  of  blood  can  only  be  established  by  special  chemical  exami- 
nation. Evidence  of  such  occult  bleeding  can  be  obtained  in  ma- 
lignant growths  involving  the  gastro-intestinal  tract,  in  ulcus  (over 
80  per  cent,  of  the  cases),  hemorrhagic  pancreatitis,  catarrhal  jaundice 
(at  the  height  of  the  disease),  general  venous  stasis  referable  to  heart 
lesion.  Other  sources  of  bleeding  must  of  course  be  excluded,  and  the 
diet  during  the  period  of  examination  should  be  free  from  meats.* 
The  aloin  test  is  best  employed. 

Aloin  Test. — If  the  stools  are  not  in  a  semiliquid  condition  they 
must  be  made  so  by  thoroughly  mixing  them  with  distilled  water;  5 
grams  of  stool  are  usually  sufficient.  The  material  is  then  extracteii 
by  shaking  with  an  equal  volume  of  ether.  The  mixture  is  allowed 
to  stand  for  fifteen  minutes  or  longer  and  the  supernatant  fluid  poured 
off.  The  remaining  fecal  material  is  mixed  with  one-third  its  volume 
of  glacial  acetic  acid  and  10  c.c.  of  ether.  The  mixture  is  again 
thoroughly  shaken  and  set  aside  for  the  ethereal  layer  to  separate  out, 
and  this  then  poured  off. 

The  aloin  solution  which  is  now  used  is  prepared  by  dissolving  as 
much  aloin  as  will  go  on  the  end  of  a  spatula  in  one-third  of  a  test 
tube  of  70  per  cent,  alcohol ;  2  to  3  c.c.  of  the  clear  yellow  solution 
are  mixed  in  a  test-tube  with  about  the  same  amount  of  the  acetic 
ethereal  extract  and  treated  with  2  to  3  c.c.  of  ozonized  turpentine 
(prepared  by  allowing  chemically  pure  turpentine,  such  as  that  of 
Merck,  to  stand  exposed  to  the  air  for  at  least  three  weeks),  or 
an  equal  amount  of  active  hydrogen  peroxide.  ITie  mixture 
is  thoroughly  shaken.     If  blood  is  present  the  reaction  may  appear 

*  Steele  and  Butt,  Amor.  Journ.,  Julv,  UK)5,  p.  36.  Hartmann,  Arch.  f.  Verdau- 
ungsk.,  1904,  vol.  x,  Heft  1.     Joachim,  Ik?rlin.  klin.  Woch.,  1904,  No.  18. 
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in  one  of  several  ways:  either  the  whole  mixture  turns  pink,  which 
gradually  deepens  to  a  cherry  red,  or  the  solution  of  aloin  sinks 
to  the  bottom  and  forms  a  layer  beneath  the  mixture  of  ether  and 
turpentine,  and  this  lower  layer  of  aloin  in  positive  tests  gradually 
.  becomes  a  deep  cherry  red.  Sometimes  if  the  ether  and  turpentine 
are  first  mixed  and  the  aloin  is  then  allowed  to  flow  gently  down  the 
side  of  the  tube,  the  two  sets  of  fluid  will  remain  separate  and  a  deep- 
red  ring  will  form  p,t  their  junction.  Not  more  than  fifteen  minutes 
should  be  allowed  for  the  red  color  to  show  itself,  for  after  this  the 
aloin  will  gradually  turn  red  even  if  blood  is  not  present.  It  is  neces- 
sary to  make  the  aloin  solution  freshly,  for  when  it  stands  exposed 
to  the  light  it  changes  to  about  the  color  that  it  attains  in  the  reaction 
when  blood  is  present. 

If  the  test  is  negative  the  color  remains  a  light  yellow,  which 
becomes  red  after  standing  for  some  length  of  time. 

Ouaiac  Test. — ^This  test  may  also  be  employed,  but  is  not  quite  so 
satisfactory  as  the  one  preceding.  The  ethereal  extract  of  the  fecal 
material  is  prepared  as  described.  The  reagent  is  made  by  shaking 
a  gram  or  so  of  gum  guaiac  in  a  test-tube  half-full  of  ether  and  allowing 
the  mixture  to  stand  until  it  becomes  clear  by  settling.  A  couple  of 
c.c.  of  this  solution  are  added  to  the  same  amount  of  the  ethereal 
extract  of  the  feces  and  at  least  an  equal  volume  of  hydrogen  dioxide 
IS  added.  The  whole  is  shaken;  the  hydrogen  dioxide  settles  to  the 
bottom  and  the  ethereal  extract  floats  on  top.  '^The  blue  color  (owing 
to  the  oxidation  of  the  guaiaconic  acid  to  guaiac  blue)  of  a  positive 
reaction  shows  itself  very  quickly  in  the  supernatant  fluid,  which  in  a 
decided  reaction  becomes  a  deep  blue,  that  may  be  somewhat  masked 
by  the  brown  color  of  the  urobilin  in  the  ethereal  extract.  In  such  a 
case  the  blue  color  often  becomes  a  purplish  brown,  but  even  this 
reaction  is  unmistakable.  If  the  reaction  is  negative  no  color  change 
occurs.  The  guaiac  solution  must  be  fresh,  but  need  not  be  made 
up  daily. 

Macroscopic  Constituents. 


Detritus. — Upon  gross  examination  of  the  feces  it 
\s  possible  to  find  stones  of  cherries,  grape  seeds,  woody  vegetable 
fiber,  the  skins  of  berries,  large  pieces  of  connective  tissue,  undigested 
pieces  of  apple,  pear,  potato,  grains  of  corn,  etc. 

The  presence  of  notable  amounts  of  digestible  food,  such  as  pieces 
of  muscle  tissue,  flakes  of  casein,  fragments  of  amylaceous  food,  con- 
stituting what  was  formerly  spoken  of  as  lientery,  is  always  indicative 
of  disturbed  gastric  or  intestinal  digestion.  It  is  hence  observed  in 
chronic  intestinal  catarrh,  febrile  dyspepsia,  etc.  Occasionally  also 
unaltered  food  in  large  amounts  is  found  in  the  feces,  owing  to  a 
direct  communication  between  the  stomach  and  the  colon,  as  in  cases 
of  perforating  ulcer  or  carcinoma  of  the  stomach. 
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When  fat  is  present  in  abnormally  large  amounts  it  can  usuallv  be 
recognized  with  the  naked  eye.  To  this  condition  the  term  steatorrhea 
has  been  applied.  In  typical  cases  the  fat  is  seen  in  the  form  of 
whitish  or  grayish  masses^  varying  in  size  from  that  of  a  pea  to  that 
of  a  walnut^  which  are  more  or  less  intimately  mixed  with  the  fecal 
material,  and  may  at  first  sight  be  mistaken  for  flakes  of  casein. 
From  these  it  may  be  distinguished  by  its  chemical  reactions  and  its 
peculiarly  glistening  appearance.  In  other  cases  stools  may  be  seen 
in  which  the  fecal  column  is  covered,  to  a  greater  or  less  extent,  with 
a  grayish,  dense,  asbestos-like  substance,  while  the  core  itself  presents 
the  usual  color.  Nothnagel  states  that  this  appearance  is  referable 
to  congealment  of  the  fat  when  it  is  exposed  to  a  lower  temperature 
than  that  of  the  body.  I  have  repeatedly  observed  this  appearance 
in  stools  which  had  just  been  voided  and  were  still  warm.  In  other 
cases  the  fat  is  intimately  niLxed  with  the  feces,  which  are  colored  a 
light  gray  throughout.  The  passage  of  liquid  oil  in  the  absence  of 
fecal  material  has  also  been  recorded,  but  it  seems  doubtful  that  the 
oil  in  such  cases  entered  the  body  by  the  mouth.  Following  the  use  of 
oil  enemas  such  stools  are,  of  course,  seen. 

The  elimination  of  abnormally  large  quantities  of  fat  may  be  due 
to  the  ingestion  of  correspondingly  large  amounts.  More  frequendy, 
however,  it  is  referable  to  pathological  conditions.  A  steatorrhea 
will  thus  naturally  occur  when  an  insufficient  supply  of  bile  ia  poured 
into  the  small  intestine,  and  hence  is  observed  constandy  in  cases 
of  biliary  obstniction.  True  steatorrhea  is  also  met  with  in  dis- 
eases affecting  the  re^sorptive  power  of  the  small  intestine,  such  as 
extensive  atrophy  or  amyloid  degeneration  of  the  intestinal  mucosa, 
tuberculous  ulceration,  etc.,  or  in  diseases  involving  the  integrity  of 
the  lymphatic  glands  unci  vessels  of  the  mesentery,  as  in  chronic 
tuberculous  peritonitis,  caseous  degeneration  of  the  mesenteric  glands, 
etc.  In  simple  catarrhal  conditions,  however,  steatorrhea  may  also 
occur,  and  not  only  in  infants,  but,  according  to  my  experience,  also 
in  adults.  The  (|uestion  whether  or  not  steatorrhea  Ls  constantly 
ohsen^ed  in  eases  of  pancreatic  disease,  as  some  observers  have 
claimed,  may  now  be  answered  in  the  negative,  although  it  must  l)e 
admitted  that  the  two  conditions  are  very  frequently  associated.  I^ 
Nobel,  who  has  inv(^sti^ate(^  this  subject,  arrived  at  th^  conclusion 
that  the  steatorrhea  in  itself  is  of  little  practical  importance,  but  that 
its  association  with  the  absence  of  products  of  putrefaction  from  the 
stools,  the  absence  of  the  salts  of  the  fatty  acicLs,  and  the  presence  of 
maltose  in  the  urine,  may  possibly  be  regarded  as  indicating  the 
existence  of  panereatic  disease. 

Mucus  and  Mucous  Cylinders. — So  long  as  mucus  occurs  in 
small  particles  only,  adlu»rent  to  otherwise  normal  feces,  it  is  of  no 
pathological  significance.  I^arger  amounts  are  almost  always  indic- 
ative of  a  catarrhal  condition  of  the  colon  or  rectum,  no  matter 
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whether  the  stool  is  otherwise  normal  or  whether  diarrhea  exists  at 
the  time.  Peculiar  formations  are  occasionally  seen,  viz.,  so-called 
mucous  cylinders,  which  are  passed  in  large  or  small  fragments  in  a 
condition  which  has  been  described  by  Nothnagel  as  enteritis  memr 
branosa  or  cdica  mvcosa}  Such  masses,  which  at  times  measure  a 
foot  or  more  in  length,  are  ribbon  or  net  shaped,  and  are  frequently 
passed  in  the  absence  of  fecal  matter,  with  severe  tenesmus.  They 
resemble  Curschmann's  spirals,  but  lack  the  central  thread  and  the 
Charcot-Leyden  crystals.  They  are  probably  indicative  of  chronic 
constipation  associated  with  catarrh  of  the  colon.  Not  to  be  con- 
founded with  this  condition  is  the  passage  of  masses  of  mucus,  which 
do  not  present  the  cylindrical  form,  but  which  also  may  be  passed 
with  a  great  deal  of  tenesmus  and  in  the  absence  of  fecal  matter; 
this  is  very  commonly  iseen  in  cases  of  nephroptosis  associated  with 
gastroptosis  and  enteroptosis.  These  formations  are  in  all  probability 
also  referable  to  a  catarrhal  condition  of  the  colon.  In  cholera 
Asiatica  particles  of  mucus  are  seen  which  resemble  grains  of  rice; 
their  presence  was  formerly  regarded  as  characteristic  of  this  disease, 
but  they  are  now  known  to  occur  in  ordinary  catarrhal  conditions 
also. 

Biliary  and  Intestinal  Concretions. — Most  important  from  a 

diagnostic  standpoint  is  the  examination  of  the  feces  for  the  presence 
of  biliary  concretions,  which  should  never  be  neglected  in  cases  of 
colicky,  abdominal  pain  of  doubtful  origin,  whether  associated  with 
jaundice  or  not. 

When  searching  for  gallstones  the  feces  should  be  stirred  with 
water  and  passed  through  a  fine  sieve.  Biliary  concretions  may  then 
be  found  as  small,  crumbling  masses,  or  as  hard  stones  presenting  an 
irregular  contour  or  the  smooth,  characteristic  facets.  In  size  they 
may  vary  from  that  of  a  millet  seed  to  that  of  a  pigeon's  egg;  large 
stones  are  rarely  passed  by  the  bowel  unless  perforation  has  occurred 
into  the  intestines  and  usually  into  the  colon. 

Some  calculi  consist  almost  enfirely  of  cholesterin,  while  others 
are  composed  essentially  of  inspissated  bile,  and  still  others  of  cal- 
careous salts.  The  former  are  the  most  common,  and  are  readily 
recognized  by  their  softness  and  color,  which  may  be  white,  grayish, 
bluish,  or  greenish.  Their  specific  gravity  is  lower  than  that  of 
water.  Very  frequently  they  contain  a  nucleus,  composed  of  earthy 
sulphates  or  phosphates.  An  analysis  which  I  made  of  a  stone  of 
this  kind,  weighing  10.548  grams,  gave  the  following  results: 

*  Nothnagel,  "(^olica  Mucosa,"  Beitnlge  z.  Physiol,  u.  Path.  d.  Darmes,  1884. 
Kleiner,  Benin,  klin.  Woch.,  1893,  Nos.  3  and  4.  Einhorn,  Arch.  f.  Verdauungs- 
krank.,  vol.  iv,  p.  450 
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Cholesterin 72 .  590  per  cent 

Mineral  salts 0.247 

J^  at>s       ............D.  (/«iu 

Biliary  pigments 13.930        " 

Organic  matter 7.270        " 

Calculi  which  consist  largely  of  biliary  pigments  are  brown  in  color. 
They  are  hard,  and  heavier  than  water.  Frequently  they  contain 
traces  of  copper  and  zinc  (Fig.  71). 

Calculi  composed  of  calcareous  salts  generally  present  an  irregular, 
roughened  contour. 

Welch  has  drawn  attention  to  the  not  infrequent  presence  of  pure 
colonies  of  the  Bacillus  coli  communis  in  gallstones,  apparendy 
forming  their  nucleus.  Typhoid  bacilli  also  have  since  been  observed 
in  their  interior,  and  it  appears  likely  that  the  formation  of  gall- 
stones is  primarily  referable  to  an  invasion  of  the  gall-bladder  by  such 
microorganisms.     A  remarkable  case  has  l)een  reported  by  Pearce, 


FiQ.  71. — Gallstones:  a,  cholesterin;  6,  pigment  stonen. 

in  which  a  leptothrix  was  the  only  microorganism  found  in  biliai^' 
concretions,  while  in  the  bile  this  was  present  together  with  the  colon 
bacillus/ 

Intestinal  concretions  (enteroliths)  are  rare  and  usually  come  from 
the  appendix.  At  times  they  contain  some  foreign  body,  such  as  a 
grajx3  seed,  as  a  nucleus,  upon  which  calcium  and  magnesium  salts 
have  become  deposited. 

Fecal  calculi  or  coproliths  are  likewise  only  rarely  seen.  They 
represent  inspissated  fecal  material  which  has  become  impregnated 
with  lime  and  magnesium  salts.  More  commonly  they  are  found  at 
the  postmortem  table  in  the  cecum,  in  the  haustra  of  the  colon,  and 
in  the  rectum. 

Intestinal  sand  is  also  rare.  I  have  seen  only  5  cases  in  the  past 
ten  years.  In  the  German  literature  I  have  found  reports  of  only  3 
cases,  while  in  the  French  literature  about  16  have  been  recorded. 
Of  its  origin  nothing  is  known.  The  condition  is  commonly  associated 
with  enteritis  memhranacea.     The  material  presents  a  brownish  color, 

*  Pearce,  Univ.  of  Perina.  Bull.,  Aug.,  1901.  ('ushing  "On  the  Presence  of 
Typhoid  Bacillus,"  Johns  Hopkins  Hospital  Bull.,  1899,  p.  1G6;  and  Hunner, 
ibid.,  1898,  p.  163.  Cushing,  *'()n  tlie  Presence  of  the  Colon  Bacillus,"  ibid.; 
and  Foumier,  cit.  by  C'hauftard,  Uev.  d.  nied.,  1897,  p.  81. 
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ut  may  be  light  green.  In  1  case  reported  by  Deetz^  it  was  pos- 
ble  to  demonstrate  the  presence  of  calcium  phosphate  with  traces  of 
dcium  oxalate.  One  case  is  recorded  by  Thomson  and  Ferguson.* 
nalysis:  11.7  per  cent,  of  CaCOj;  87.3  per  cent,  of  Ca3  (POJ,; 
isoluble  residue  (silica),  1  per  cent.  There  was  present  also  a  pig- 
lent  which  the  writers  regard  as  intermediary  between  ordinary  bile 
igment  and  stercobilin.  They  think  the  sand  is  formed  in  the  ileum. 
Foreign  Bodies. — ^In  children,  the  insane,  in  cases  of  hysteria, 
[id  even  in  people  who  are  apparently  possessed  of  their  normal 
;nses,  the  physician  must  be  prepared  to  find  at  times  all  kinds  of 
>reign  bodies,  such  as  pins,  coins,  buttons,  false  teeth,  tooth-plates 
ith  ragged  edges,  and  even  dirk-knives,  all  of  which  have  been 
nown  to  pass  through  the  alimentary  canal.  It  must  not  be  for- 
3tten,  however,  that  in  cases  of  hysteria  bodies  may  be  shown  by 
atients  which  they  claim  have  passed  by  the  rectum,  but  which 
ave  been  wilfully  added  to  the  stools,  such  as  snakes,  frogs,  etc. 


MI0R08C0PI0  EXAMINATION  OF  THE  FEOES. 

General  Technique. 

The  general  technique  in  the  microscopic  examination  of  the 
5ces  is  very  simple.  Stools  that  are  firm  when  passed  should  be 
tirred  up  with  water  to  a  moderately  thin  mush.  Drops  of  this 
laterial  are  mounted  on  a  series  of  slides,  covered  with  cover-glasses, 
nd  examined  at  first  with  a  low  power  (J  B.  &  L.)  and  then  with  a 
ledium  power  (i  or  |).    The  survey  with  the  low  power  furnishes 

general  idea  of  the  amount  of  food  remnants  (muscle  fibers,  frag- 
lents  of  vegetable  material,  fat) ,  of  the  presence  of  crystals,  pus,  blood, 
nd  eggs  of  parasites.  The  higher  power  (i  or  y)  is  reserved  for  gen- 
ral  purposes  of  verification,  to  make  out  details  of  structure,  and  the 
earch  for  the  smaller  animal  parasites  (trichomonads,  ameba  coli,  etc.) 

If  the  stools  are  already  thin  when  passed,  no  further  dilution  is 
lecessary.  Bits  of  mucopus  or  of  material  showing  the  presence 
f  blood  are  generally  advantageous  for  the  search  for  amebas. 
»Iusgrave  and  Clegg,  however,  recommend  that  in  doubtful  cases 
t  is  well  to  administer  a  saline  cathartic  and  to  examine  the  fluid 
tortion  of  the  resulting  movements.   In  the  examination  for  amebas  it 

*  Deutsch.  Arch.  f.  klin.  Med.,  1901,  vol.  Ixx,  p.  365.  See  also  Dieulafoy,  "  La 
thiaae  intestinale  et  la  pjravelle  de  I'intestin,"  Presse  m6d.,  March  10,  1897 
extract  in  Centralbl.  f.  klin.  Med.,  1897,  p.  904). 

'  Jour,  of  Pathol,  and  Bact.,  vol.  vi,  1900,  p.  334.  Laboulb^ne,  Bull.  Acad,  de 
1^.,  Paris,  1873.  Sheridan,  Trans.  Path.  Soc.  London,  1890,  vol.  xli,  p.  111. 
).  Thoma,  Australasian  Med.  Gaz.,  Nov.,  1891.  Mathieu  and  Richauci,  Soc. 
a^.  d.  hdp.,  May  22,  1896.  S.  J.  Shattock,  Trans.  Path.  Soc.  London,  vol. 
Jviii. 
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ia  essential  tliat  the  stcxils  lie  pnsspd  into  a  warmed  bedpan  and 
examined  at  Miitt^  on  warmed  slides  or  )>y  the  aid  of  a  waim  stagp. 
A  convenient  form  of  wann  stage,  whieh  may  be  obtained  from  instni- 
ment-makers  ut  low  cost,  is  composed  of  brass  and  made  to  be  held 
in  position  on  the  stage  of  the  microscope  by  spring  clips.  It  is  about 
8  cm.  long  and  3  cm.  broad,  and  has  cemented  to  a  recessetl  bottom 
an  ordinurj'  gln.ss  slip;  an  opening  measuring  1.35  cm.  in  diameter  i^ 
in  the  centre  of  the  stage.  To  one  of  the  long  .slides  of  the  brass  stage 
is  fitted  a  proJM-ting  stem,  alxiiit  10  cm.  long,  to  which  the  he»t  of  a 
spirit-liimp  is  up{>lieil. 

Specimens  containing  eggs  of  parasites  are  rea<iily  presen'ed  by 
the  addition  of  5  jier  cent,  carlmlic  acid  or  of  thymol. 


I'nlcss  living  organisms  an-  to  Ik-  seiinlicd  for,  the  .stools  if  lirniid 
niiiy  Im-  placed  in  conicid  gliisscs  iind  lovcred  with  a  layer  of  ether  so 
as  III  diininrsli  llic  ilisiijirccalilr  odor;  if  ninsJiy  or  firm  they  may  \ye 
spread  npim  a  [diitc  iuiil  cuvcn-il  willi  a  luvcr  of  turpentine. 

Constituents  Derived  from  Food.- -Microscopically,  imligc-slible 
and  nniligi-stcd  coiistitiu-nis  of  fiwid  may  he  -seen  (Fig.  72),  sncli  as 
the  friinK'Work  of  vci,i'(alik-  malcrial,  sometimes  still  containing 
.slan'h  granules  or  reniiLaiits  of  fliloropliyl] ;  muscle  filn-rs,  nsually 
coh)rpd  yellow  ami  more  or  less  altcn'ii  in  structure.  Klastic-ti.tsue 
fillers  are  reaiiily  rceognized  by  (heir  double  contour  and  liohi  out- 
lines, Coniicetive-tissiic  libers  of  tlic  while  variety  can  also  generally 
be  distinguished;  when  present  in  largi'  (|nanlities  they  are  u.sually 
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indicative  of  some  digestive  derangement,  unless  they  are  observed 
following  the  ingestion  of  a  meal  particularly  rich  in  meat.  Flakes 
of  casein  also  are  seen  frequently. 

Muscle  fibers  are  found  in  every  stool  whenever  meat  has  been 
eaten.  Under  normal  conditions,  however,  they  are  not  numerous, 
unless  particulary  large  quantities  have  been  ingested.  Their  ap- 
pearance under  the  microscope  may  vary  considerably.  On  the 
one  hand,  fibers  are  met  with  which  still  retain  their  characteristic 
features;  others  are  split  up  either  partially  or  entirely  into  the  well- 
known  disks;  but  more  conmion  than  both  are  more  or  less  roundish, 
yellow,  apparently  homogeneous  fragments,  which  at  first  sight  do  not 
resemble  muscle  fibers  in  the  least.  Upon  closer  investigation,  how- 
ever, their  true  nature  will  become  apparent.  It  will  then  be  seen 
that  two  of  the  sides  in  some  portions  at  least  are  more  or  less  par- 
allel, and  if  the  specimen  is  examined  with  a  high-power  lens  some 
traces  of  cross-striation  can  probably  always  be  discovered. 

Isolated  starch  granules  are  scarcely  ever  found  under  normal 
conditions,  excepting  in  young  children  who  have  been  fed  with  much 
starchy  material.  Starch  granules  enclosed  in  vegetable  cells  are 
likewise  not  found  as  a  general  rule,  but  are  more  common  than  the 
isolated  granules.  Their  presence  is  easily  recognized  by  treating 
microscopic  preparations  with  a  solution  of  iodopotassic  iodide 
(Lugol's  solution),  when  the  granules  or  fragments  will  assume  a  blue 
color. 

The  presence  of  fat  in  the  feces  is  quite  constant,  even  in  health. 
It  may  occur  in  the  form  of  needle-like  crystals,  as  fat  droplets,  or 
as  polygonal  masses  which  are  highly  refractive  and  often  colored 
yellow  or  a  yellowish  red.  Their  true  nature  is  easily  recognized 
by  adding  a  drop  of  concentrated  sulphuric  acid  and  heating,  when 
they  are  transformed  into  the  characteristic  fat  droplets. 

The  so-called  acholic  stools  are  usually  very  rich  in  fat,  and  particu- 
larly so  in  cases  of  biliary  obstruction  associated  with  jaundice.  At 
other  times  the  lack  of  color,,  as  has  \:»een  mentioned  above,  is  not 
referable  to  the  secretion  of  an  insufficient  amount  of  bile,  but  to 
the  presence  of  colorless  decomposition  products  of  bilirubin,  such 
as  the  leuko-urobilin  of  Nencki.  In  these  cases  abnormally  large 
quantities  of  fat  are  not  always  present.  The  conclusion  that  a  stool 
contains  excessive  amounts  of  fat  because  it  is  apparently  acholic  is 
hence  not  justifiable  unless  a  microscopic  examination  has  been 
made. 

In  pathological  conditions  it  is  necessary  to  determine  whether  or 
not  food  remnants  are  present  in  abnormal  amount,  presupposing,  of 
course,  that  excessive  quantities  have  not  been  ingested.  It  is  often 
possible  to  draw  definite  conclusions  as  to  the  state  of  intestinal 
digestion  from  the  excess  of  one  form  of  non-digested  material  over 
another.     The   presence   of  large   quantities   oiF  undigested   stan*h 
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indicates  a  catarrhal  condition  of  the  small  intestine,  and  it  may, 
indeed,  be  said  that  the  occurrence  of  more  than  traces  of  this  mate- 
rial should  be  regarded  with  suspicion.  An  increase  in  the  number 
of  muscle  fibers  will,  as  a  rule,  likewise  be  observed  under  such 
conditions.* 

Schmidt  and  Strassburger'  have  described  a  special  form  of  intes- 
tinal fermentative  dyspepsia,  in  which  there  is  an  isolated  amylo- 
lytic  insufficiency,  which  may  be  of  functional  or  of  ofganic  origin. 
(See  Schmidt's  fermentation  test  below.) 

In  this  connection  it  is  noteworthy  that  in  man  extensive  disease 
of  the  pancreas  may  exist  without  seriously  disturbing  amylolytic 
digestion. 

Schmidt's  Fermentation  Test. — ^To  obtain  a  more  exact  insight 
into  the  <legree  of  amylolytic  insufficiency  of  the  intestinal  tract  than 
is  possible  from  a  microscopic  study  of  the  feces, 
Schmidt  has  proposed  a  special  method  which 
is  based  upon  the  continued  digestion  of  the 
carbohydrates  in  the  feces.  The  examination 
is  made  after  the  patient  has  been  placed  on  the 
following  lest  diet  (Schmidt  and  Strassbui^r's 
test  diet  No.  II):  milk,  1.5  liters;  SJe^s;  strained 
oatmeal  gruel  (from  80  grams  of  oatmeal);  100 
grams  of  Zwieback;  20  grams  of  butter;  20  grams 
of  sugar;  125  grama  of  steak  (raw  weight),  and  190 
grams  of  potato  (raw  weight).  The  distribu- 
tion of  these  various  articles  of  food  can  be 
arranged  a.s  one  chooses,  or  as  follows:  At  7.30 
A.M.,  ^  liter  of  milk  and  2  Zwiebacks  (each  33 
grams);  at  10.30  a.m.,  f  liter  of  bouillon  with  \ 
egg;  at  12  M.  s  liter  of  milk  with  1  egg;  between 
1  and  2  p.m.  i  liter  of  oatmeal  gruel  (prepared 
from  40  grams  of  oatmeal,  166  grams  of  milk, 
10  grams  of  .sugar,  and  i  egg);  100  grams  of 
well-<Ione  Hamburg  steak  (125  gram^  of  raw 
beef,  raw  weight)  and  12  grams  of  butter;  250 
grains  of  mashed  potato  (from  190  grams  of 
potato,  (lO  gram.s  of  milk,  and  S  grams  of  butter); 
at  4.30  P.M.,  'i  htcr  of  milk,  1  egg,  1  Zwieback; 
at  7.30  P.M.,  i  litiT  of  oatmeal  gruel  as  at  dinner- 
""nieiitnlTon  tuuci."'''  time.  Bpforc  ponimeneing  with  the  teat  diet,  how- 
ever, it  is  necrssarj-  to  demarcate  the  fecal  material 
bv  giving  a  wafer  or  cajwuie  containing  0,3  gram  of  powdered  car- 
mine.    The  cxHmination  proper  is  made  as  soon  as  the  feces  are  no 

'  Srlimiilt  11.  Stni^vibiirgcr,  TViitsrli.  Areli.  f.  klin 
>  "Die  kliiiisclif   llcilriiiiiriK   cicr  -AiL-isclioidiiiis 
BtuUgang,"  Dciitwh.  ractl.  Wocli.,  ISiW,  p.  SU. 
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longer  colored  red,  viz.,  after  from  two  to  three  days  of  the  test  diet. 
The  necessary  apparatus  is  pictured  in  the  accompanying  figure 
(Fig.  73),  which  represents  one-third  of  the  acuta!  size.  For  each 
experiment  5  grams  of  fresh  fecal  material  are  used  (the  feces  being 
of  medium  consistence;  otherwise  a  little  more  or  less  is  taken,  corre- 
sponding to  about  1  gram  of  dry  residue).  The  material  is  well 
stirred  with  water  in  the  bottle  a,  which  is  filled  entirely  and  closed 
with  the  rubber  stopper,  care  being  taken  to  exclude  bubbles  of  air. 
Tube  b  is  filled  with  water  from  the  tap  and  also  closed  without 
admission  of  air.  Tube  c  should  contain  no  water;  it  has  a  pinhole 
aperture  at  the  top.  The  communicating  tube  d  is  adjusted  as 
shown  in  the  figure.  The  apparatus  is  then  placed  in  the  incubator 
at  37°  C.  for  twenty-four  hours,  not  longer.  During  this  time  the 
carbohydrate  fermentation  will  have  been  completed  (Schmidt's 
Fruhgahrung).  During  the  evolution  of  gas  water  will  be  dis- 
placed from  6  into  c;  the  resulting  column  is  measured  and  repre- 
sents the  degree  of  fermentation.  The  result  is  regarded  as  positive 
if  more  than  a  quarter  tubeful  of  gas  is  obtained.  With  the  test 
diet  in  question  this  would  mean  a  condition  approximating  the 
normal.  In  such  an  event  the  patient  is  placed  for  two  days  fur- 
ther on  test  diet  No.  I,  which  differs  from  No.  II  only  in  the  absence 
of  the  meat  and  potato.  If  then  there  is  still  a  positive  result,  the 
diagnosis  of  "fermentative  dyspepsia"  is  justifiable.  In  order  to 
eliminate  errors  arising  from  possible  formation  of  gas  as  the  result 
of  albuminous  putrefaction  the  fermenting  fecal  material  should  be 
tested  from  time  to  time  in  a  control  specimen.  If  the  formation  of 
gas  is  due  to  carbohydrate  fermentation,  there  will  be  an  increasing 
degree  of  acidity  (tested  with  litmus  paper);  this  increase,  however, 
is  not  always  marked;  at  any  rate,  there  must  be  no  increasing 
alkalinity. 

Lemer's  Test  for  Oasein. — Casein  is  most  conveniently  demon- 
strated with  Leiner's  method.  To  this  end  a  small  amount  of 
fecal  matter  is  spread  on  a  slide  and  dried  in  the  air.  It  is  then  fixed 
by  heat — passing  the  specimen  through  the  flame  of  a  Bunsen  burner 
three  or  four  times  is  sufficient — and  stained  with  a  mixture  of  equal 
parts  of  a  0.75  per  cent,  solution  of  acid  fuchsin  and  methyl  green  in 
50  per  cent,  alcohol,  the  mixture  being  diluted  ten  times  with  water. 
After  fifteen  minutes  the  preparations  are  placed  in  distilled  water 
and  allowed  to  remain  for  one  hour  or  longer.  Casein  and  para- 
casein are  thus  stained  a  pale  blue  or  violet,  while  similar  bodies  are 
practically  all  colored  a  light  green,  or  more  rarely  a  yellowish 
green. 

Determination  of  the  Residual  Albumin  (Koziczkowsky). — The 
patient  is  placed  upon  a  test  diet  very  similar  to  that  of  Schmidt  and 
Strassburger,  consisting  of  1^  liters  of  milk,  \  liter  of  bouillon,  6  pieces 
of  Zwieback,  40  grams  of  oatmeal,  40  grams  of  butter,  2  eggs,  30  grams 


270  THE  FECES 

of  finely  hashed  meat,  and  200  grams  of  potato.    The  feces  are  pre- 
viously demarcated  by  giving  0.3  gram  of  powdered  carmine. 

Two  portions  of  stool,  each  representing  2  grams  of  dried  feces/ 
are  placed  upon  nitrogen-free  filters  and  washed  successively  with 
ordinary  ethyl  alcohol  (93  to  94  per  cent.),  absolute  alcohol,  and  3  per 
cent,  hydroc'hloric  acid.  One  portion  (A)  is  then  mixed  with  50  c.c 
of  a  digestive  mixture  of  the  following  composition: 

3  per  cent,  solution  of  hydrochloric  acid 10.0 

Pepsin      .....* 30.0 

Water 100.0 

The  second  portion  (B)  is  suspended  in  a  corresponding  amount 
of  dilute  hydrochloric  acid  without  pepsin.  The  total  acidity  and 
amount  of  free  hydrochloric  acid  are  then  estimated  in  each  by  titrating 
with  ^  alkali  solution,  after  which  both  specimens  are  corked  and 
placed  in  the  incubator  over  night,  at  37°  C.  The  next  day  the  total 
acidity  and  free  acid  are  again  estimated.  The  difference  in  the 
amount  of  free  acid  in  specimen  A  indicates  the  amount  which  was 
used  in  the  digestion  of  the  albumins  present,  and  thus  serves  as  an 
index  of  their  quantity;  normally  this  corresponds  to  from  15  to  18 
c.c.  of  Y^^  normal  alkali.  The  difference  in  the  amount  of  free  acid  in 
specimen  B  is  referable  to  the  action  of  proteolytic  ferments  (pepsin) 
in  the  feces  per  se.  Normally  this  rarely  exceeds  2  to  3  c.c.  ^  normal 
solution. 

Morphological  Elements  Derived  from  the  Alimentary  Canal. 

Epithelium. — Well-presen-ed  cyh'nclrical  or  goblet  cells  are  only 
exceptionally  found  in  the  feces,  while  transition  forms  from  the  nor- 
mal cells  to  mere  spindles,  in  which  a  nucleus  can  no  longer  be  recog- 
nized, are  obser\'e(l  quite  constantly.  These  degenerative  changes, 
according  to  Nothnagel,*  are  the  result  of  an  abstraction  of  water 
from  the  cells,  which  mfiy  alter  their  appearance  to  an  extent  that  only 
the  ex|K"ricnce(l  eye  is  capable  of  recognizing  their  tnie  character. 
Pavement  epithelial  cells,  when  present,  are  derived  from  the  anal 
orifice. 

Epithelial  cells  when  present  in  large  numl^ers  always  indicate  an 
inflammatory  (condition  of  some  portion  of  the  intestinal  tract.    . 

Cylindrical  epithelial  cells  are  found  in  abundance  in  all  inflam- 
matory conditions  afi^ecting  the  intestinal  mucosa.  '^They  are  almost 
exclusively  seen  embedded  in  mucus,  and  it  is  interesting  to  note  that 
the  cloudy  appearance  of  the  mucus  is  referable  to  the  presence  of 
these  elements,  and  not  to  leukocytes,  as  is  the  case  in  the  sputum. 

*  1  grain  of  fomiod  stool  represents  0.3  gram,  of  the  dried  substance;  1  fipram  of 
scmiliqiiid  stool  (good  fat  absorption)  eq\iaLs  about  0.25  to  0.27  gram;  1  gram  of 
semiliquid  stool  (witli  poor  fat  absorption)  equals  about  0.1  IG  gram  of  dry 
mat<^rial. 

2  IkMtnige  z.  I'liysiol.  u.  Pathol,  d.  Dannes,  Ilirschwald,  Berlin,  1884,  ancj 
SpezieUc  Pathol,  u.  Therap.,  Holder,  Wien,  1895,  vol.  xvii,  pt.  i. 
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When  bile-stained  specimens  are  met  with,  the  conclusion  is  justifi- 
able that  the  small  intestine  is  involved. 

Epithelioid  cells  may  be  found  in  carcinoma  of  the  rectum. . 

Leokocytes. — leukocytes  are  almost  always  absent  in  normal 
atools  or  present  only  in  very  small  numbers.  Large  numbers  usually 
indicate  a  severe  catarrhal,  if  not  an  ulcerative,  condition  of  the  intes- 
tines. Pure  pus  in  large  amounts  is  observed  especially  in  dysenteiy 
and  in  cases  in  which  abscesses  have  perforated  into  the  gut  from 
adjacent  organs  or  cavities. 

Red  Blood  Oorpnacles. — Unaltered  red  blood  corpuscles,  accord- 
ing to  Nothnagel,  are  but  rarely  observed  in  the  feces,  no  matter 
how  intensely  red  they  may  l)e  colored,  providing  that  an  ulcerative 
process  affecting  the  colon  or  the  rectum  can  be  excluded;  in  that 
case,  as  In  the  severer  forms  of  dysentery,  large  numl>ers  may  be 
observed.  If  the  hemorrhage  has  occurred  higher  up  in  the  intes- 
tine, large  and  small  ma.sses  of  a  brownish-red  color  arc  seen,  which 
consist  of  hematoidin.  'I'hey  are  mostly  amorphous,  but  in  some 
specimens  the  characteristic  rhombic  -crystals  may  be  observed.  In 
general,  it  may  be  said  that  the  higher  the  scat  of  the  hemorrhage 
the  darker  will  be  the  color  of  the  pigment,  and  the  less  the  chances 
of  finding  well-defined  red  corpu.scles.  In  such  cases  recourse  must 
be  bad  to  the  tests  for  occult  blood  (which  see). 


Fio.  74.— Fatty  crystali  obtained  [rum  the  feces. 

OrysUls. — Needle-like  crj'stals  of  free  fatty  acids,  and  the  cal- 
cium and  magnesium  salt^  of  the  higher  meml>er3  of  this  group, 
occurring  either  singly  or  arranged  in  sheaves,  may  be  found  in 
every  stool  (Fig.  74).  'lliey  are  of  no  significance  unless  present 
in  large  numbers.  Nothnagel  speaks  of  the  frequent  occurrence 
of  certain  calcium  salts  (of  fatty  acids,  as  he  l>elicves)  in  normal  as 
well  as  patholo^cal  stoob.    He  states  that  they  are  almost  always 
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bile-stained,  and  occur  in  irregular,  sometimes  elliptical,  oval,  or  cir- 
cular masses,  in  which  a  crystalline  structure  cannot  be  distinguished. 
They  are  apparently  of  no  importance.  Quite  common,  idso,  are 
crystals  of  neutral  calcium  phosphate  and  anmioniomagnesium  j^os- 
phate,  the  former  occurring  in  the  form  of  more  or  less  well-defined, 
wedge-shaped  crystals  collected  into  rosettes,  the  latter  presenting 
the  well-known  coffin-shape  when  the  stool  is  mushy,  whUe  in  finn 
stools  irregular  fragments  mostly  are  found.  At  one  time  the  ammo- 
nio-magnesium  phosphate  crystals  were  supposed  to  be  characteiistic 
of  typhoid  stools,  but  it  is  now  known  that  they  occur  in  normal  feces, 
as  well  as  under  the  most  varied  pathological  conditions.  Their 
presence  is  hence  of  no  diagnostic  significance.  It  is  important  to 
note  that  the  neutral  phosphates  are  never  stained  by  bile  pigment, 
and  the  triple  phosphates  only  in  rare  instances.  Both  are  easfly 
soluble  in  acetic  acid.  Crystals  of  calcium  oxalate  may  be  found  in 
abundance  following  the  ingestion  of  certain  vegetables,  such  as 


Fig.  75. — Choleatcriii  crystals. 

sorrel  and  spinach.  They  are  usually  found  embedded  in  the  vege- 
table debris.  They  are  readily  recognized  by  their  characteristic 
envelope  form,  their  insolubility  in  acetic  acid,  and  their  solubility 
in  hydrochloric  acid.     Not  infrecjuently  they  are  bile-stained. 

Calcium  lactate  is  frequently  seen  in  the  stools  of  children  receiving 
a  milk  diet;  it  occurs  in  the  form  of  sheaves  composed  of  radiating 
needles,  (^alcium  carbonate  is  rarely  observed,  but  occasionally 
occurs  in  the  form  of  amorphous  ^anulcs  or  dumb-bell-shaped  crys- 
tals. Calcium  sulphate  crystals  are  likewise  rare,  but  may  be  pro- 
duced artificially  by  the  addition  of  sulphuric  acid,  when  beautiful 
needles  and  platelets  may  be  observed.  Cholesterin,  while  always 
present  in  solution,  is  rarely  observed  in  crj'Stalline  form  (Fig.  75). 
Hematoidin  crj'stals  are  never  found  in  normal  stools.  Charcot- 
Leyden  cr}'stals,  according  to  my  experience,  are  not  found  in  normal 
stools.  They  have  been  described  in  cases  of  typhoid  fever,  dysentery, 
and  phthisis,  but  are  rare  in  these  diseases.     In  uncinariasis  they  are 
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more  frequently  seen,  but  not  in  every  case.  Often  they  only  form 
after  the  stool  has  been  kept  for  some  time.  They  are  more  likely 
to  be  encountered  when  there  are  many  eggs  present  than  in  milder 
cases.  They  have  further  been  seen  in  association  with  Ascaris  lum- 
bricoides,  Oxyuris  vermicularis^  Taenia  solium  and  saginata.  In  cases 
of  trichocephalus  they  are  but  rarely  seen,  while  they  are  always 
absent  in  the  case  of  Taenia  nana.  According  to  Leichtenstem^  their 
persistence  in  the  feces  after  the  evacuation  of  what  would  appear  to 
be  a  complete  taenia  should  be  regarded  as  indicating  the  non-removal 
of  the  head.  In  amebic  colitis  these  crystals  have  also  been  observed 
by  Lewis,  Lafleur,  Amberg,  myself,  and  others. 

Mqciu. — Small  hyaline  particles  of  mucus,  visible  only  with  the 
microscope,  are  not  infrequently  met  with  under  pathological  condi- 
tions, and  are  of  diagnostic  significance.  When  bile-stained,  their 
presence  is  always  indicative  of  disease  of  the  small  intestine  proper, 
while  colorless  particles  point  to  a  catarrhal  condition  of  the  upper 
portion  of  the  large  intestine  or  the  lower  portion  of  the  small  intes- 
tine. Beginners  should  be  careful  not  to  mistake  apparently  hyaline 
particles  of  vegetable  residue  for  mucus.  Mucus  never  yields  a 
blue  color  when  treated  with  iodine,  or  iodine  and  sulphuric  acid, 
and  examination  with  a  higher  power  will  show  the  entire  absence 
of  any  definite  structure.  Both  forms,  viz.,  colorless  and  colored 
particles,  are  found  intimately  mixed  with  the  feces,  and  may  be  very 
abundant.  In  addition  to  these  forms  Nothnagel  has  described  the 
occasional  occurrence  of  large  numbers  of  roundish  or  irregular, 
very  pale  hyaline  or  opaque  formations,  which  are  devoid  of  all 
structure.  Some  specimens  are  homogeneous,  while  others  present  a 
distinct  rimous  appearance.  They  have  been  found  only  in  liquid 
stools,  and  are  apparently  of  no  diagnostic  significance.  To  judge 
from  their  optic  behavior,  they  probably  consist  of  mucus.* 
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The  bacteria  are  the  microorganisms  xaT  i^o^^u  which  are  found 
in  the  feces.  Their  number  is  truly  enormous.  Sucksdorff  found  in 
his  own  person  that  on  an  average  53,124,000,000  were  eliminated  in 
the  twenty-four  hours  under  normal  conditions.  If  we  recall  the 
strongly  bactericidal  power  of  the  gastric  juice,  such  an  observation 
must  at  first  sight  appear  surprising.  It  should  be  remembered,  how- 
ever, that  large  amounts  of  the  ingesta;  are  carried  into  the  small  intes- 
tine at  a  time  when  hydrochloric  acid  has  not  yet  appeared  in 
the  free  state. 

*  Deutsch.  med.  Woch.,  1885,  vol.  xi,  Nos.  29  and  30;  ibid.,  1886,  vol.  xii,  Nos. 
11  tol4;  ibid..  1887,  pp.  565.  594,  620,  645,  669,  691,  and  712. 

'  A.  Schmiat,  "  Ueoer  Schleim  im  Stuhlgang,"  !Zeit.  f.  klin.  Med.,  vol.  xxxii, 
p.  260. 
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On  the  whole,  the  bacteriological  flora  of  the  intestinal  contents 
is  fairly  constant,  but,  as  in  the  other  cavities-  and  channels  of  the 
body  where  bacteria  are  invariably  met  with,  transient  guests  are 
also  not  uncommon.  The  majority  of  the  bacteria  which  are  here 
encountered  are,  as  a  general  rule,  harmless;  but  it  is  important  to 
note  that  under  suitable  conditions  a  number  of  these  may  develop 
pathogenic  properties.  Broadly  speaking,  the  bacteria  which  may 
be  found  in  the  feces  can  be  divid^  into  two  classes,  viz.,  into  alkali 
producers  and  acid  producers.  Many  of  these  forms  have  been  de-. 
scribed  for  the  first  time  by  Ford,^  and  the  following  schema,  whidi 
gives  a  very  good  idea  of  the  numerous  individual  types,  althou^ 
not  complete,  is  taken  from  his  excellent  work: 

Alkali  Producers. 

Group  I.  Organisms  producing  alkali  in  litmus  milk;  not  liquefy- 
ing any  media;  not  fermenting  carbohydrates  to  the  point  of  acidi^. 
Fecalis  alkaligenes,  or  Petruschky  group.    Represented  by: 
Bacillus  alkaligenes. 

Group  II.  Organisms  producing  alkali;  not  liquefying  any  media; 
fermenting  carbohydrates  to  the  point  of  acidity,  but  no  gas.    Z)y*- 
entericus,  or  Shiga  group.    Represented  by: 
Bacillus  dysenteriae. 
Bacillus  pseudodysentericus,  Miiller. 
Bacillus  typhi. 
Bacillus  acidophilus. 
Group  III.  Organisms  producing  alkali;  not  liquefying  any  media; 
fermenting  the  carbohydrates  with  the  production  of  acidity  and  gas. 
Hog  cholerUy  or  suipestifer  group.     Represented  by: 

Bacillus  alkalescens,  Ford;  ferments  dextrose,  saccharose,  and 

lactose. 
Bacillus  subalkalescens,  Ford ;  ferments  dextrose,  saccharose,  and 

lactose. 
Bacillus  enteritidis,  Gartner;  ferments  dextrose. 
Bacillus  galactophilus,  Ford;  ferments  saccharose  and  lactose. 
Group  IV.  Organisms  producing  alkali;  liquefying  gelatin;  fer- 
menting carbohydrates  with  the  production  of  acid  and  gas.     Enieri- 
cus  group.     Represented  by: 

Bacillus   entericus,    Ford;    ferments  dextrose,  saccharose,    and 

lactose. 
Bacillus  subentericus,  Ford;  ferments  dextrose  and  lactose. 
Group  V.  Organisms  producing  alkali;  liquefying  gelatin,  casein, 
and  blood  serum;  fermenting  carbohydrates  with  the  production  of 
acid  and  gas.     Proteus,  or  Hauler  group.     Represented  by: 

*  Studies  from  the  Royal  Victoria  Hospital,  Montreal,  vol.  i,  No.  5,  and  from 
the  Rockefeller  Institute  lor  Medical  Research,  vol.  ii. 
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Bacillus  plebeiusy  Ford;  ferments  dextrose,  saccharose,  and  lac- 
tose. 
Bacillus  infrequens.  Ford;  fennents  dextrose  and  lactose. 
Bacillus  vulgaris,  Hauser;  ferments  dextrose  and  saccharose. 
Group  VI.  Organisms  producing  alkali;  liquefying  various  media, 
but  not  fermenting  carbohydrates  to  the  point  of  acidity.    Booker 
group.    Represented  by: 

Bacillus  recti,  Ford;  liquefies  gelatin. 

Bacillus  pylori.  Ford;  liquefies  gelatin  and  casein. 

Bacillus  ceci.  Ford;  liquefies  gelatin,  casein,  and  blood  serum. 

Bacillus    Bookeri,    Ford;  liquefies  gelatin,    casein,  and    blood 

serum. 
Bacillus  pyocyaneus. 

Acid  Prodiieers. 

Group  I.  Organisms  acidifying  and  coagulating  milk;  not  liquefy- 
ing any  media;  not  fermenting  carbohydrates  to  the  point  of  acidify. 
Fecalis  oxy genes,  or  Bienstock  group.    Represented  by: 
Bacterium  oxygenes.  Ford. 
Bacterium  Bienstock,  Schroter. 
Group  II.  Organisms  acidifying  and  coagulating  milk;  not  lique- 
fying any  media;  fermenting  carlwhydrates  to  the  point  of  acidity, 
but  no  gas.    Acidoformans,  or  Sternberg  group.    Represented  by: 
Bacillus  oxyphilus,  Ford. 
Bacterium  acidoformans,  Sternberg. 
Bacterium  minutissimum,  Migula. 
Group    III.  Organisms    acidifying    and    coagulating    milk;    not 
liquefying  any  media;  fermenting  carbohydrates  with  the  production 
of  acidity  and  gas.     CoZi,  or  Escherich  group.    Represented  by: 
Bacillus  coli,  Migula;  ferments  dextrose  and  lactose. 
Bacillus  communior,  Ford;  ferments  dextrose,  saccharose,  and 

lactose. 
Bacterium  aerogenes,  Migula;  ferments  dextrose,  saccharose,  and 

lactose. 
Bacterium  duodenale,  Ford;  ferments  dextrose  and  lactose. 
Group  IV.  Organisms  acidifying  and  coagulating  milk;  liquefying 
gelatin   and   fermenting  the  carbohydrates  with   the  production  of 
acidity  and  gas.    Liquefcunens,  or  Eisenberg  group.    Represented  by: 
Bacillus  gastricus,  Ford ;  ferments  dextrose,  saccharose,  and  lac- 
tose. 
Bacillus  subgastricus,  Ford;  ferments  dextrose  and  lactose. 
Bacterium  liquefaciens,  Eisenberg;  ferments  dextrose,  saccharose, 

and  lactose. 
Bacterium   subliquefaciens.  Ford;  ferments  dextrose  and  lac- 
tose. 
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Group  V.  Organisms  acidifying  and  coagulating  milk;  liquefying 
gelatin,  casein,  and  blood  serum,  and  fermenting  the  carbohydntes 
with  the  production  of  acidity  and  gas.  Cloacw,  or  Jordan  group. 
Represented  by: 

Bacillus  cloacae,  Jordan;  ferments  dextrose,  saccharose,  and  lac- 
tose. 

Bacillus  subcloacse,  Ford;  ferments  dextrose  and  lactose. 

B^illus  iliacus.  Ford;  ferments  dextrose  and  saccharose. 
Group  VI.  Organisms  acidifying  and  coagulating  milk;  liquefying 
various  media;  fermenting  the  carbohydrates  with  the  producticm  d 
acidity,  but  no  gas.    DvbiiLs,  or  Kruse  group.    Represented  by: 

Bacillus  chylogenes,  Ford ;  liquefies  gelatin. 

Bacterium  chymogenes.  Ford;  liquefies  gelatin. 

Bacillus  leporis,  Migula;  liquefies  gelatin  and  blood  serum. 

Bacillus  dubius,  Kruse;  liquefies  gelatin,  blood  serum,  and  casein. 

Bacillus  jejunalis;  liquefies  gelatin,  blood  serum,  and  casein. 
All  the  above  are  non-pigment,  non-spore  bearing  organisms.    In 
addition  to  these  the  following  pigment-producing  and  spore-bearing 
organisms  have  been  isolated: 

Pseudomonas  aeruginosa,  Schroter. 

Pseudomonas  ovalis,  Ravenel. 

Bacterium  Havaniense,  Sternberg. 

Bacterium  lutescens,  Migula. 

Bacterium  anthracoides,  Hiippe  and  Wood. 

Bacterium  implectans,  Burchard. 

Bacillus  cereus,  Frankland. 

Bacillus  mycoides,  Fliigge. 
The  above  list  indicates  the  various  organisms  which  have  thus  far 
been  isolated  from  the  intestinal  contents.     Many  other  forms  exist, 
but  have  not  yet  been  cultivated,  as  they  do  not  grow  on  the  artificial 
media  which  are  now  in  use. 
The  more  important  members  of  the  series  are  described  below. 
Fungi. — Fungi,  with  the  exception,  perhaps,  of  the  Oidium  albi- 
cans, which  has  at  times  l)een  observed,  are  rarely  found  in  the  feces. 
Schizomycetes. — Saccharomyces  cerevisiae   is  one    of   the   normal 
constituents  of  the  feces,  and  is  found  in  its  characteristic  forms, 
three  or  four  buds,  however,  being  but  ortlinarily  observed.     Owing 
to  the  glycogen  present  in  their  substance,  they  assume  a  mahogany 
color  when  treated  with  a  solution   of  iodopotassic  iodide.     They 
should  not  be  confounded  with  a  class  of  bacteria  which  closely  re- 
semble the  saccharomyces  in  general  appearance,  but  are  colored  blue 
when  treated  in  the  same  manner. 

• 

Bacillus  dysenteries,  Shiga. — This  organism  is  now  generally  re- 
garded as  the  specific  cause  of  the  common  form  of  acute  dysentery 
which  prevails  not  only  in  the  tropics,  but  also  in  the  United  States 
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and  Europe.  It  was  discovered  by  Shiga  in  Japan  in  1897,  and 
is  identical  with  the  organism  obtained  by  Flexner  and  Strong  in  the 
Philippines  and  Porto  Rico,  by  Vedder  and  Duval  in  the  United 
Stat^,  and  by  Kruse  in  Germany.  From  the  researches  of  Bassett 
and  Duval  it  further  appears  that  the  same  bacillus  is  also  responsi- 
ble for  the  conmion  form  of  infantile  summer  diarrhea  which  prevails 
in  warm  countries. 

In  the  United  States  the  Flexner-Harris  type  is  by  far  the  most 
common  in  infantile  cases.  In  the  collection  of  237  cases  reported 
by  Holt  this  type  was  found  in  207,  while  the  true  Shiga  bacillus 
was  present  in  only  23;  both  organisms  were  found  in  7  cases. 

The  bacillus  in  question  is  a  short  rod  with  rounded  ends,  and 
resembles  the  typhoid  bacillus  and  most  members  of  the  colon  group. 
It  is  probably  non-motile  so  far  as  active  locomotion  is  concerned, 
but  it  is  possessed  of  a  high  degree  of.  molecular  motion.  It  stains 
with  the  usual  basic  dyes  and  is  decolorized  by  Gram's  method. 

Upon  gelatin  plates  at  room  temperature  there  appear,  after  a  few 
days,  small  round  dots,  which,  magnified  under  low  powers,  are 
slightly  yellow  and  finely  granular.  After  a  few  days  they  increase 
in  size;  the  middle  portion  of  the  colonies  then  appears  darker  under 
a  low  power,  while  the  outer  zone  appears  brighter  and  more  seed-like. 
The  superficial  and  deeper  colonies  show  no  marked  variation.  In 
stab  cultures  on  gelatin  a  whitish  strand  forms  the  whole  length  of 
the  stab.    The  gelatin  is  not  liquefied. 

After  twenty-four  hours  in  the  incubator  single  colonies  upon 
slanted  agar  appear  moist,  bluish,  and  partially  translucent.  After 
two  days  they  present  a  combination  of  a  middle  dark  and  a  periph- 
eral bright,  sharply  defined  zone. 

The  growth  on  glycerin  agar  is  slightly  more  abundant  than  on 
ordinary  agar.  The  organism  grows  on  blood  serum  without  lique- 
fjang  it. 

In  the  stab  cultures  on  glucose  agar  there  is  formed  along  the 
whole  line  of  the  puncture  a  thick,  gray-white  strand  without  the 
development  of  gas.  Upon  potato  after  twenty-four  hours  in  the 
incubator  there  is  hardly  any  perceptible  growth,  only  the  surface 
appears  slightly  shiny.  After  two  days  this  changes  to  a  yellow 
brown.  In  the  course  of  a  week  the  growth  is  heavier  and  of  a 
deeper  brown  color.  Bouillon  cultures  show  after  a  day  in  the 
incubator  a  somewhat  intense  cloudiness,  with  a  moderate  precipitate. 
No  pellicle  is  formed  on  the  surface.  No  indol  reaction  is  present. 
Litmus  milk  after  twenty-four  hours  appears  reddish;  otherwise, 
however,  it  undergoes  no  change.    The  milk  never  coagulates. 

The  bacillus  is  pathogenic  for  mice,  rabbits,  and  guinea-pigs. 
It  is  agglutinated  by  the  patient's  blood  serum,  and  it  is  interesting 
to  note  that  this  reaction  is  obtained  only  with  cases  definitely  known 
to  have  been  infected  with  the  microorganism  in  question. 
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Isolation  of  Shigd*s  Bacillus  from  the  Feces. — ^The  fecal  matter  is 
collected  on  a  sterile  pad,  or,  still  better,  obtained  from  the  rectum 
by  curettage.  A  bouillon  culture  is  prepared  and  from  this  agar 
tubes  are  inoculated  as  soon  as  possible.  The  agar  should  be  just 
acid  to  phenolphthalein  (slightly  alkaline  to  litmus),  and  is  plated 
at  once.  Ten  plates,  variously  diluted,  are  conveniently  used.  Aft» 
twenty-four  hours  in  the  incubator  at  37°  to  38°  C.  all  colonies  are 
marked  on  the  plates  which  have  developed  by  that  time.    The 

Elates   are   returned   to   the   incubator.     Aiter  further  twenty-four 
ours  tubes  of  glucose  agar  and  litmus-mannite  agar  are  inoculated 
from  those  colonies  which  have  grown  in  the  second  twenty-four 
hours — i.  e.,  those  colonies  which  have  not  been  marked.     At  the 
end  of  another  twenty-four  hours  in  the  incubator  all  those  tubes 
are  rejected  in  which  fermentation  has  taken  place.     From  those 
tubes  in  which  this  has  not  occurred,  litmus  milk,  litmus  mannite, 
and  bouillon  are  inoculated.    The  Shiga  bacillus  will  at  first  render 
the  milk  slightly  acid,  but  later  it  becomes  alkaline.     Litmus  mannite 
remains  unchanged  with  the  Shiga  strain,  while  the  Flexner-Harris 
type  (the  American  acid  type)  turns  it  red.     Ultimate  identification 
is  made  by  the  agglutination  test  in  various  dilutions  (1  to  50  to  1  to 
100)  reading  the  results  after  two  hours.* 

Literature. — K.  Shiga,  Centralbl.  f.  Bakt.,  Parasit.  u.  Infectionskrankh., 
1898,  vol.  xxiv.  R.  P.  Strong  and  Mu3grave,  "  Preliminary'  Note  regarding  the 
^Etiology  of  the  Dysenteries  of  Manila,  Report  of  the  Surgeon-general  of  the 
Armv,  Washington.  190().  p.  251.  S.  Flexner,  "On  the  Etiology  of  Tropical 
Dysentery,"  Bull.  Johns  Hopkins  Hosp.,  1900,  p.  231.  Vedder  and'  Dnvnl  "The 
Etiology  of  Acute  I)vsentcr>'  in  tlie  United  States,"  Jour.  Exper.  Med.,  vol.  vi, 
p.  181.     Duval  and  Hassett,  Amcr.  Med.,  1902,  iv,  p.  417  (preliminary  report). 

Bacillus  typhi,  Eberth. — The  typhoid  bacillus  can  only  be  demon- 
strated in  the  feces  bv  cultural  method  which  will  enable  its 
separation  from  other  members  of  the  colon  group.  To  this  end 
many  different  methods  have  been  suggested. 

Combined  Malachife-green  Method  of  Leniz  and  the  Method  of 
V.  Drigalski  and  Conradi. — ^This  method  is  probably  the  most  use- 
ful and  extensively  employed  abroad.  The  media  are  prepared 
as  described  elsewhere  (see  Media).  Two  plates  of  Drigalski's 
medium  are  prepared  in  large  Petri  dishes,  using  20  to  25  c.c. 
of  the  me<lium  for  each  plate  (15  to  2()  cm.  diameter);  these  are 
left  uncovered  until  the  steam  has  evaporated  and  the  agar  is  quite 
firm.  Contamination  ])y  the  organisms  of  the  air  does  not  occur 
owing  to  the  presence  of  the  cresyl  violet  in  the  medium.  The 
malachite-green  medium  is  already  plated  when  made  (see  Media). 
The  stool  is  stirred  uj)  well  witli  a  small  amount  of  sterile  normal 

*  For  a  detailed  account   of  the  difTcrent  varieties  of  the  dysentery  bacillus 
and  dysentery -like  orpin  isms  see  J.  ('.   Torrey.  .loum.  Exper.  Med.,  1905,  vol 
vii,  p.  365. 
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salt  solution.  Of  this  material  about  0.5  c.c.  is  placed  on  the  green 
plate  and  smeared  over  its  surface  with  a  glass  rod,  which  is  con- 
veniently bent  at  an  angle  about  one  inch  from  the  end.  Without 
sterilizing,  the  same  rod  is  then  smeared  over  the  first  Drigalski  plate 
and  hence  over  the  second.  After  this  all  three  are  allowed  to  become 
perfectly  dry  by  standing  open  in  the  air,  when  they  are  incubated 
for  twenty  to  twenty-four  hours.  Plates  2  and  3  are  now  exam- 
ined with  a  hand  lens,  placing  them,  if  possible,  in  such  a  position 
that  light  reflected  from  a  wall  falls  upon  them.  The  colon  colonies 
are  more  or  less  red  in  color,  not  transparent,  and  measure  1  to  3  mm. 
in  diameter.  The  typhoid  colonies  are  bluish  with  a  violet  shade  and 
resemble  drops  of  dew.  If  such  are  found  they  are  further  identi- 
fied as  follows:  A  tiny  bit  of  the  colony  is  placed  on  a  slide  and  mixed 
with  a  drop  of  a  highly  active  hundredfold  dilution  of  typhoid  (viz., 
paratyphoid)  serum.  Agglutination  may  be  observed  with  a  hand  lens 
or  a  low  power  of  the  microscope.  If  this  occurs  further  tests  are 
made  by  inoculating  ordinary  agar,  litmus  whey,  and  neutral  red  agar 
(see  Culture  Media). 

If  no  colonies  are  found  on  the  Drigalski  medium  which  resemble 
^hoid  bacilli,  the  green  plate  is  flooded  with  sterile  normal  salt 
solution,  gently  agitated,  and  set  aside  for  a  few  minutes.  In  this 
manner  the  typhoid  and  paratyphoid  colonies,  which  are  more  delicate 
than  the  colon  colonies,  come  to  be  disseminated  in  the  fluid,  while 
the  latter  sink  to  the  bottom.  With  the  glass  spatula  two  more 
Drigalski  plates  are  then  prepared  from  the  salt  solution,  incubated 
for  twenty  to  twenty-four  hours,  and  examined  as  described. 

If  urine  is  to  be  examined  in  the  place  of  feces,  several  drops  are 
placed  on  the  green  plate  and  one  drop  only  on  the  Drigalski  plate. 
The  procedure  otherwise  is  the  same. 

Blood  is  examined  in  a  similar  way,  but  must  first  be  diluted  in 
sterile  bouillon  to  eliminate  the  bactericidal  substances  that  are  pres- 
ent (5  to  200). 

In  pure  cultures  the  typhoid  bacilli  present  the  following  features: 
They  occur  in  the  form  of  rods  of  almost  one-third  the  size  of  a  red 
blood  corpuscle,  or  in  threads  composed  of  several  rods  joined  end  to 
end  (Figs.  76  and  77).  Their  ends  are  rounded;  their  length  is  equiva- 
lent to  about  three  times  their  breadth.  They  are  actively  motile  and 
provided  with  polar  as  well  as  lateral  flagella.  They  grow  very 
readily  on  bouillon-peptone  gelatin,  and  after  twenty-four  hours 
colonies  begin  to  appear.  WTien  slightly  magnified,  these  present  a 
faintly  yellowish  color;  macroscopically  they  are  barely  visible.  The 
organism  does  not  form  spores,  but  when  kept  at  a  temperature  of 
37®  C,  and  especially  when  grown  on  media  colored  with  phloxin  red 
or  benzopurpurin,  polar  bodies  are  observed  which  were  formerly 
mistaken  for  spores.  Gelatin  is  not  liquefied;  the  growth  is  white 
and  delicate,  both  along  the  line  of  the  stab  and  on  the  surface.     Culti- 
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vaUon  in  glucose  bouillon,  or  glucose  agar,  doea  not  give  rise  to  the 
formation  of  gas,  but  after  twen^'-four  hours  the  entire  fluid  becomes 
turbid.  Milk  is  rendered  feebly  acid,  but  is  not  coagulated.  No 
indol  reaction  is  obtained  when  the  organism  is  grown  on  peptooe- 
coBtaining  media.  On  potato  a  veiy  faint,  whitish,  almost  invisiUe 
growth  takes  place.  When  grown  on  gelatin  or  agar  that  has  been 
colored  with  neutral  red,  the  typhoid  bacillus  causes  no  chan^  in 
color.  Absolute  identification  is  possible  by  means  of  Pfeiffer's 
agglutination  test  (see  Widal's  reaction). 

In  cases  of  paratyphoid  infection  the  corresponding  organism  maj 
be  found  in  the  feces  (see  Blood). 

Builliu  acidophiliu,  Moro.' — This  organism  has  been  described 
by  Moro  as  occurring  in  the  stools  of  breast-fed  infants,  in  which  it 
normally   predominates   over  all   other   forms;   under   patbcJogicd 


conditions,  on  the  other  hand,  as  also  In  the  stools  of  children  which 
have  been  fed  with  cows'  milk,  their  number  is  found  diminished, 
while  the  meml>ers  of  the  coll  group  enter  into  the  foreground. 
Beyond  the  stools  the  bacillus  has  been  found  in  the  outer  portion 
of  the  secretory  duct  of  the  liuman  mammarj'  gland,  in  the  milk, 
and  the  skin  of  the  nipple  and  its  immediate  surroundings.  It  is 
apparently  not  patiiogenic. 

The  organism  occurs  in  the  form  of  slight  rods  measuring  1 .5  ,« 
to  2  /£  in  length,  by  O.fJ  /t  to  0.9  ,«  in  breadth.  It  is  non-motile. 
It  is  not  decolorized  by  Gram's  method,  but  loses  this  property  after 
from  thirty-six  liours  to  nine  days.  The  l>est  growths  are  obtained 
on  beer-wort  bouillon  and  common  bouillon  when  acidified  with  a 
mineral  acid;  the  acidify  of  10  c.c.  of  the  medium  may  correspond 
to  10  c.c.  of  a  (Iccinornial  solution  of  potassium  hydrate.  The 
optimum  temperature  is  37°  C;  between  20"  C.  and  22°  C.  no  growth 


'  "  Ein  liellrag  zur  Kwiiitiiiss  .kr  u< 

irmitlon  Darmhactcrien  des  Sfindineii," 
■  rclitT.iie  nadi  Gram  fiirbbareD  fiaeiUen 

Jahrbuch  t.  Kimlerheilk..  vol.  lii.     Also: ' 

d.  StWgUngstulile'.,"  Wicn,  kli.i.  Wocli.. 
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occurs.  On  the  various  agar  slants  imperfect  development  takes 
place;  on  potato  the  organism  does  not  grow.  It  is  an  active  acid 
producer,  but  does  not  give  rise  to  the  formation  of  gas ;  with  Escherich's 
stain  it  is  colored  blue. 

Escherich's  Stain. — ^This  stain  is  now  extensively  used  by  pediat- 
rists  in  order  to  ascertain  any  deviations  from  the  normal  in  the  flora 
of  the  feces.  Under  strictly  normal  conditions  the  bacilli  which  are 
found  in  the  stools  of  breast-fed  children  are  thus  nearly  all  colored 
blue  (these  are  essentially  the  anaerobic  Bacillus  bifidus  communis, 
and  the  aerobic  Bacillus  acidophilus),  while  red  bacilli  (Bacillus  coli 
conmiunis  and  Bacillus  lactis  aerogenes)  are  but  little  numerous.  In 
the  case  of  infants,  on  the  other  hand,  which  are  fed  exculsively  on 
cows'  milk,  the  red  bacilli  predominate,  while  in  mixed  feeding  the 
blue  enter  into  the  foreground  in  about  the  proportion  in  which  breast 
milk  is  employed.  The  red  bacilli  belong  to  the  coli  group.  These 
further  predominate,  or  may  be  found  exclusively,  if  for  any  reason 
intestinal  digestion  is  impaired.  Staphylococci,  streptococci,  etc., 
when  simultaneously  present,  are  in  either  event  stained  blue.  In 
staphylococcus  enteritis  the  blue  bacilli  which  normally  exist  in  the 
stools  of  breast-fed  infants  are  almost  entirely  replaced  by  staphylo- 
cocci. At  the  beginning  of  the  enteritis  they  are  not  numerous,  but 
they  increase  during  the  progress  of  the  disease,  and  finally  disappear 
when  the  child  recovers. 

In  staining,  the  following  solutions  are  employed: 

1.  An  aqueous  solution  of  gentian  violet  (5  to  200).  This  is  boiled 
for  one-half  hour  and  is  then  filtered;  it  keeps  for  a  long  time. 

2.  A  mixture  containing  11  parts  of  absolute  alcohol  and  3  parts 
of  oil  of  anilin. 

1  and  2  are  mixed  in  the  proportion  of  8.5  to  1.5;  the  resulting 
solution  keeps  for  from  two  to  three  weeks,  but  not  longer. 

3.  A  solution  of  iodopotassic  iodide  containing  1  part  of  iodine 
and  2  parts  of  potassium  iodide  in  60  parts  of  water. 

4.  A  mixture  of  equal  parts  of  oil  of  aniline  and  xylol. 

5.  A  concentrated  alcoholic  solution  of  fuchsin,  diluted  with  an 
equal  volume  of  absolute  alcohol. 

A  bit  of  the  stool  is  spread  upon  a  slide  in  as  thin  a  layer  as  possible. 
After  drying  in  the  air  the  specimen  is  fixed  by  passing  through  the 
flame  of  a  Bunsen  burner.  It  is  then  stained  for  a  few  seconds  with 
the  mixture  of  1  and  2,  blotted,  placed  in  the  iodine  solution  for 
a  few  seconds,  blotted  again,  decolorized  with  4  until  a  notable 
extraction  of  color  no  longer  occurs.  It  is  washed  with  xylol,  dried, 
and  finally  stained  for  a  few  seconds  with  the  fuchsin  solution,  washed 
with  water,  blotted,  and  is  then  ready  for  examination. 

Bacilins  (Protens)  vulgaris,  Hauser. — ^This  organism,  while  usually 
regarded  as  non-pathogenic,  should  be  numbered  among  the  bacteria 
which  may  at  times  develop  pathogenic  properties.  Baginsky  and 
Booker  have  frequently  found  it  in  the  stools  in  cases  of  infantile 
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summer  diarrhea.  Kscherich  observed  it  at  times  in  the  meconium. 
Brudzinski  examined  the  dyspeptic  and  fetid  stools  of  a  number 
of  artificially  fed  infants  in  Escherich's  clinic,  and  in  all  the  cases 
found  the  proteus.  Others  have  encountered  it  in  inflammatoiy 
conditions  of  exposed  surfaces,  in  appendicitis,  in  perforative  peri- 
tonitis, and  even  in  closed  abscesses,  either  alone  or  in  association 
with  other  bacteria  (Welch).  A  mixed  infection  of  the  proteus  with 
Loffler's  bacillus  has  also  been  observed.  The  organism  forms  rods, 
measuring  about  0.25  //  in  diameter,  while  their  length  is  variable; 
at  times  a  more  roundish  form  is  observed;  at  others  rods  measuring 
from  1.25  fi  to  3.75  it  in  length,  or  even  long  threads.  They  are 
readily  stained,  but  are  easily  decolorized  by  alcohol  or  Gram's  method. 
Most  characteristic  is  their  growth  upon  nutrient  gelatin.  At  the 
temperature  of  the  room  little  depressions  will  be  observed  after  six 
to  eight  hours,  which  are  surrounded  by  a  narrow  zone  of  bacilli 
from  which  a  thin,  wide  film,  provided  with  irregular  projections, 
extends  over  the  culture  medium.  From  this  film  islets  become 
separated,  which  slowly  extend  over  the  gelatin  and  cause  its  lique- 
faction. The  organism  is  motile.  It  decomposes  urea  and  causes 
albuminous  putrefaction.  The  nitroso-indol  reaction  is  readily  ob- 
tained in  bouillon  cultures.  In  boiled  milk  the  organism  grows  well, 
while  in  fresh  milk  it  develops  only  irregularly,  and  in  acid  milk  no 
growth  takes  place  at  all. 

Bacillus  pyocjraneus. — ^The  Bacillus  pyocyaneus  has  repeatedly  been 
isolated  from  the  stools  of  dysenteric  patients,  and  has  been  proved  the 
cause  of  several  epidemics.  The  organism  in  question  is  a  small 
motile  bacillus  measuring  from  1  //  to  2  //  in  length  by  0.3  fi  to  0.5  /^ 
in  breadth.  It  sometimes  occurs  in  short  chains,  but  is  usually  single. 
It  is  stained  with  the  common  aniline  dves,  and  is  decolorized  with 
(iram's  method.  It  grows  on  the  usual  culture  media,  and  liquefies 
gelatin.  In  2  per  cent,  glucose  bouillon  no  fermentation  takes  place. 
Litmus  milk  is  curdled  in  about  forty-eight  hours.  Some  varieties 
produce  indol.  Most  characteristic  is  the  j)roduction  of  certain 
pigments,  viz.,  pyocyanin  and  a  fluorescent,  bluish-green  pigment 
which  is  common  to  almost  all  varieties.* 

The  Bacillus  coll  communis,'  while  constantly  present  in  normal 
feces,  is  (lescri])ed  at  this  place,  as  modern  investigations  have  shown 
that  it  may  at  times  develop  pathogenic  pro|>erties.  It  has  been 
found  in  the  pus  in  ca.ses  of  punilent  perforating  peritonitis,  angio- 
cholitis,  pyelonephritis,  et(». ;  it  is  frequently  found  infecting  the 
bladder  and  the  ])elvis  of  the  ki(hiev,  and,  as  indicated  elsewhere,  at 
times  forms  the  nucleus  of  gallstones.  It  (X'curs  in  the  form  of  deli- 
cate or  coarse  rods,  measuring  about  0.4  n  in  length,  which  manifest 
a  certain  degree  of  motiUty,  (hie  to  the  presence  of  one  or  two  pK)lar 

'  A.J.  Larti^au,  "  A(  ontribut  ion  to  the  Study  of  the  Pathogenesisof  the  Bacillus 
Pyocvancus,"  etc.,  Jour.  K\ix'r.  Med.,  1S9S,  No.  (i. 
'  Fliiggc,  Die  Microor^aiiisineii. 
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flagella. '  The  organism  is  stained  by  the  usual  aniline  dyes,  and  is 
decolorized  by  Gram's  method.  The  colonies  upon  gelatin  closely 
resemble  those  of  the  bacillus  of  typhoid  fever,  forming  small  whitish 
specks  in  the  gelatin,  and  delicate  films  with  serrated  borders  upon 
the  same  medium,  which,  moreover,  is  not  liquefied.  On  potato  the 
organism  forms  a  brownish  pellicle,  while  the  growth  of  the  typhoid 
bacillus  is  nearly  transparent.  As  in  the  case  of  the  cholera  bacillus, 
the  nitroso-indol  reaction  can  be  obtained  when  the  organism  is 
grown  upon  peptone-containing  media.*  In  solutions  of  glucose 
active  fermentation  takes  place.  Litmus  milk  is  rendered  acid  and 
is  coagulated.  Important  also  is  the  behavior  of  the  organism 
when  grown  on  gelatin  or  agar  that  has  been  colored  with  neutral 
red;  in  contradistinction  to  the  typhoid  bacillus,  the  colon  bacillus 
then  causes  an  intense  green  fluorescence. 

The  BaciUnB  lactis  aerogenes  (Escherich)  closely  resembles  the 
organbm  just  described,  and  may  also  at  times  develop  pathogenic 
properties.  It  is  seen  quite  constantly  in  the  stools  of  sucklings,  but 
may  also  be  met  with  in  those  of  adults.  It  occurs  in  the  form  of 
rather  stout  rods,  which  frequently  lie  in  pairs,  resembling  diplococci. 
The  organism  is  non-motile.  Like  the  Bacillus  coli  communis,  it  is 
decolorized  by  Gram's  method.  In  plate  cultures  it  forms  a  dense 
white  film;  in  stab  cultures  a  chain  of  white  colonies  resembling  beads 
is  seen.  In  the  latter,  moreover,  if  the  stab  is  closed,  bubbles  of  gas 
will  be  seen  to  form,  which  rapidly  increase  in.  number  and  size. 
Milk  is  coagulated  in  large  lumps  in  twenty-four  hours;  at  the  same 
time  the  formation  of  gas  is  much  more  intense  than  in  the  case  of 
the  Bacillus  coli  communis. 

The  Oomma  Baciilns. — ^The  first  detailed  studies  of  the  organisms 
found  in  cholera  stools  were  made  in  1883  by  the  members  of  the 
French  and  German  commissions  sent  to  Egypt  to  investigate  the 
nature  of  the  dreaded  disease.  The  results  of  their  work  were  first 
published  by  Koch  in  his  report  to  the  Berlin  Sanitary  Office  in  1883, 
and  in  1884  by  Strauss,  Roux,  Nocard,  and  Thuillier. 

The  clinical  recognition  of  cholera  Asiatica  has  now  become  a 
simple  matter  since  Pfeiffer  has  demonstrated  that  the  blood  serum 
of  cholera  patients  possesses  the  property  of  causing  arrest  of  motility 
and  agglutination  of  the  specific  bacilli.  Ordinary  bouillon  cul- 
tures, however,  can  usually  not  be  employed,  as  particles  of  the 
film  when  broken  up  may  easily  be  mistaken  for  agglutinated  bacilli. 
It  is  best  in  every  case  to  make  use  of  agar  cultures  sixteen  to  twenty- 
four  hours  old,  and  to  prepare  emulsions  in  bouillon  or  normal  salt 
solution  as  occasion  requires.  The  emulsion,  moreover,  should  always 
be  examined  microscopically  before  use,  so  as  to  ensure  the  absence  of 

*  The  test  for  indol  is  very  conveniently  made  by  adding  a  few  drops  of  Ehr- 
lich's  dimethyl-amino-benzaldehyde  solution  (see  Urine)  to  a  culture  of  the 
organism  in  Dunham's  solution  which  has  grown  for  four  or  five  days.  On 
shaking,  and  especially  on  heating,  a  cherry-red  color  develops. 
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any  coDglotneratlon  of  bacilli.  The  blood  is  then  diluted  in  the  pro- 
pOTtion  of  1  to  10  or  1  to  15.  If  the  test-tube  method  ia  emplc^ed,  the 
tubes  should  be  kept  in  the  incubator  (37°  C)  for  only  one  or  two 
hours.  Upon  the  slide  the  reaction  is  obtained  in  from  five  to  twen^ 
minutes.  If  no  distinct  agglutination  is  observed  at  the  end  of  one 
hour,  the  diagnosis  of  cholera  b  rendered  improbable.  Dried  blood 
retains  its  a^lutinating  properties  for  a  considerable  length  of  time, 
and  may  also  be  used  for  examination. 

The  comma  bacillus  b  a  slightly  arched  or  half-moon-shaped 
little  rod,  and  is  somewhat  shorter  than  the  tubercle  baollus  (fig. 
78).  Occasionally  two  are  placed  end  to  end  with  their  convexities 
in  opposite  directions,  thus  presenting  the  appearance  of  the  tetter 
S.  liiey  are  provided  with  flagella.  Koch  detected  these  badlli 
in  the  intestinal  contents  and  feces,  but  rarely  in  the  vomited  matter, 
in  Asiatic  cholera  only.     In  the  stools  they  at  times  occur  in  such 


numbers  as  to  coiistitiUe  |>ure  cultures.  In  plate  cultures  kept  at 
a  temperature  of  22°  C.  white  colonies  with  serrated  borders  may  be 
ohsen'e*!  ufli-r  twenty-four  liours.  'llie  color  of  such  a  colony  is 
slightly  yellow  or  rose  red,  its  central  portion  gradually  assuming  a 
<leeper  tint,  and  finally  becoming  liquefied.  Upon  agar  plates  the 
bacilli  fonti  a  grayisli-yellow,  irregular,  sUmy  coating,  but  do  not 
liquefy  the  culture  medium.  In  stah  ciilturcs.  after  twenty-four  hours, 
a  whitish  color  may  W  olisenetl  along  the  line  of  the  stab;  around 
this  there  Is  found  a  funnei-slia[)eil  iiepression,  which  gradually 
increases  in  size  aiui  apparently  contains  a  liubble  of  gas.  The  upper 
portion  of  the  cullurc  medium  at  the  same  time  becomes  liquefied 
while  the  lower  portion  remains  solid  for  days.  In  a  suspended  drt^ 
spirochete-like  spirals  are  oh.sen'ed  at  the  margins,  which  often  pre- 
sent as  many  as  twenty  distinct  arches' 

'  It.  Kotli,  Ucrliii.  klin.  Wodi.,  18.S4,  vol,  xxi,  pp.  477,  493,  509, 
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Closely  related  to  Koch's  comma  bacillus  is  the  hacUlus  of  Finkler 
and  Priori  discovered  in  1884  and  1885.  It  is  distinguished  from 
the  former  by  the  following  characteristics:  it  is  larger  and  thicker 
than  the  conmia  bacillus;  the  colonies  on  gelatin  plate  cultures  show 
equally  round  and  sharp-edged  forms,  which  present  a  granular 
appearance  under  a  low  or  medium  power,  and  are  usually  of  a  brown 
color.  The  organism  liquefies  gelatin  very  rapidly,  a  penetrating, 
excessively  fetid  odor  being  developed  at  the  same  time.  In  stab 
cultures  the  bacillus  of  cholera  Asiatica  forms  a  funnel-shaped  depres- 
sion, while  the  bacillus  of  Finkler  and  Prior  forms  a  stocking-like 
depression. 

Tubercle  bacilli,  when  present  in  the  feces,  are  indicative  of  intes- 
tinal tuberculosis,  providing  they  are  observed  upon  repeated  exami- 
nation and  there  are  clinical  symptoms  pointing  to  the  bowels  as  the 
seat  of  the  disease;  otherwise  they  may  be  referable  to  swallowed 
sputa.  They  may  be  demonstrated  as  described  in  the  chapter  on 
Sputum. 
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The  animal  parasites  which  may  be  met  with  in  the  feces  are  classi- 
fied as  follows: 

I. — Protozoa: 

1.  Rhizopoda, 

Monera, 

Amoebina:  Amoeba  coli. 

2.  Sporozoa,  S.  gregarina, 

Cocciaia, 

3.  Infusoria, 

a.  Ciliata, 

Holotricha:  Balantidium  coli. 
h.  Flagellata. 
Monadina, 

Cercomonadina:  Cercomonas. 
Isomastigoda. 

Tetramitina:  Trichomonas. 
Polymastigina:  Megastoma. 
II. — Vermes: 

Platodes, 

Cestodes, 

Taenia  sa^nata. 
Taenia  solium. 
Tsenia  nana. 
Tajnia  diminuta. 
Taenia  cucumerina. 
Bothriocephalus  latus. 
Krabbea  grandis. 

>  Finkler,  Deutsch.  med.  Woch.,  Tageblatt  der  Naturforscherversammlung,  1884, 
vol.  x,  p.  36.  and  1885,  p.  438.  Finkler  u.  Prior,  Erg&nzungsheft  z.  Centralbl.  f. 
allg.  Gesimaheitspflege,  1885,  vol.  i. 
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Trematodes, 

Distoma  hepaticum. 
Distoma  lanoeolatum. 
Distoma  Buskii. 
Distoma  8ibiiicum. 
Distoma  spatulatum. 
Distoma  conjunctum. 
Distoma  heteroph^es. 
Amphistoma  hommis. 
Distoma  hsematobium. 
Distoma  pulmonale. 
Annelides, 

Nematodes, 

"        Ascarides, 

Ascaris  lumbricoides. 

Ascaris  m3r8tax. 

Ascaris  maritima. 

Oxyuris  vermicularis. 
StrongyloideSy 

Ankylostomum  duodenale. 
Trichotracholides, 

Trichocephalus  hominis. 

Trichina  spiralis. 
Rhabdonema  strongyloides, 

Anguillula  int^inalis. 

Protozoa. — ^l^he  rhizopoda  are  eSvSentially  characterized  by  the  fact 
that  locomotion  does  not  take  place  by  the  aid  of  independent  organs, 
but  by  means  of  pseudopodia,  viz.,  protoplasmic  processes  which  the 
animal  is  capable  of  protruding  from  any  portion  of  its  body.  Six 
orders  have  been  described  by  zoologists,  but  only  one,  or  possibly 
two,  have  thus  far  been  found  in  the  feces. 

Whether  or  not  representatives  of  the  manera  occur  in  the  feces  of 
man  is  still  an  open  question.  If  so,  they  are  apparently  of  no 
pathological  sign  ificance.  * 

Of  the  amGphinUy  on  the  other  hand,  a  most  important  member  has 
been  found,  viz.,  the  Entamoeba  dysenteriae. 

Entamoeba  Dysenteri®,  S.  Histolytica  (Schaudinn):  syn,,  Amooba 
Coli  (Losch). — In  1875  Losch^  discovered  in  the  stools  of  dysenteric 
patients  actively  moving  cell-like  bodies  of  a  roundish,  pear-shaped, 
oval,  or  irregular  fonn.  He  did  not  regard  these  as  the  cause  of  the 
disease,  however,  but  looked  uj)on  them  as  only  accidentally  present. 
Similar  bcnlies  were  obser\^ed  in  Hong-Kong  by  Normand  in  cases 
of  colitis;  and  also  bv  v.  Jaksch.  Sansino  found  them  in  a  case  in 
Cairo,  and  Koch  in  East  Indian  dysenterv.  It  is  interesting  to  note 
that  Koch  was  the  first  to  suspect  the  existence  of  a  definite  relation 
between  dysentery  and  these  organisms.  Cunningham  claims  to 
have  found  amehas  frequently  in  the  stools  of  cholera  patients  at  Cal- 
cutta, and  (Irassi  in  normal  stools,  hut  especially  abundant  in  cases 

*  Nothnagel,  loc.  cit.,  p.  HO.  Grassi,  cited  by  Bizzozero.  v.  Jaksch,  Wien. 
klin.  Woch.,  1S.S8,  vol.  i,  p.  511. 

'  "Massenhaft^  Entwickelung  v.  Amoben  im  Dickdarm/'  Virchow's  Archiv, 
vol.  \vi. 
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of  chronic  diarrhea.  Whether  all  these  observations  are  correct,  and 
whether  the  organisms  observed  were  identical  in  all  cases,  is,  of  course, 
difficult  to  say.  So  much  is  certain,  that  the  subject  was  still  in  a  very 
unsettled  state  when  Kartulis^  ii^nnounced  "that  dysentery  and  tropi- 
cal liver  abscess  associated  with  dysentery  are  caused  by  the  presence 
of  the  Amoeba  coli,''  basing  his  conclusion  upon  an  examination  of 
500  cases.  The  fact  that  this  parasite  was  absent  in  all  other 
intestinal  diseases,  such  as  typhoid  fever,  intestinal  tuberculosis,  the 
ordinary  forms  of  diarrhea,  etc.,  speaks  strongly  in  favor  of  Kartulis' 
view. 

In  perfect  accord  with  these  observations  are  those  made  at  the 
Johns  Hopkins  Hospital.*  Osier*  was  the  first  in  this  country  to 
demonstrate  the  presence  of  the  Amoeba  coli  in  a  case  of  liver  abscess, 
both  in  the  pus  of  the  abscess  and  in  the  stools.  Stengel,  Musser, 
Dock,  and  others  confirmed  these  observations,  and  the  pathogenic 
character  of  the  Amoeba  coli  may  now  be  regarded  as  an  established 
fact.*  This  statement  is  based  not  only  upon  the  few  facts,  more  his- 
torical in  character  than  otherwise,  which  have  just  been  detailed, 
but  rather  upon  the  ensemble  of  collected  data,  among  which  the 
absence  of  microorganisms  other  than  the  ameba  in  the  pus  of  the 
liver  abscesses,  and  the  constant  presence  of  the  latter  in  such  cases, 
rank  among  the  most  important.  It  is  to  be  noted,  however,  that 
different  forms  of  tropical  dysentery  exist,  and  that  the  Amcrba  coli 
is  essentially  associated  with  the  more  chronic  form,  while  the  acute 
types  are  of  bacillary  origin  (see  Shiga's  bacillus). 

The  size  of  the  amebas  averages  35  fi.  When  at  rest  their  outline 
is,  as  a  rule,  circular,  occasionally  ovoid;  but  when  in  motion  they 
present  the  extremely  irregular  contour  of  moving  ameboid  bodies 
(Plate  XIV).  The  protoplasm  can  be  differentiated  into  a  trans- 
lucent, homogeneous  ectosarc  or  mobile  portion,  and  a  granular 
endosarc,  containing  the  nucleus,  vacuoles,  and  granules.  Within 
the  endosarc  the  vacuoles  constitute  the  most  striking  feature.  Some- 
times the  interior  seems  to  be  made  up  of  a  series  of  closely  set,  clear 
vesicles  of  pretty  uniform  size.  As  a  rule,  one  or  two  larger  vacuoles 
are  present,  the  edges  of  which  are  not  infrequently  surrounded  by 
fine,  dark  granules.  True  contractile  vesicles  displaying  rhythmic 
pulsations  have  not  been  observed,  although  the  vacuoles  may  at 
times  be  seen  to  undergo  changes  in  size.  In  some  the  nucleus  is 
quite  distinct,  while  in  others  it  may  be  altogether  invisible.  The 
protoplasm  of  the  amebas  is  strongly  basophilic. 

*  "  Zur  Aetiologie  d.  Dysenterie  in  Elgypten,"  etc.,  Virchow*8  Archiv^  1885,  vol. 
cv,  and  1889,  vol.  cxviii.     Centralbl.  f.  Bakt.  u.  Parasit.,  1890,  vol.  vii. 

*  Councilman  and  Lafleur,  "Amoebic  Dysentery,'*  Johns  Hopkins  Hosp.  Rep., 
1891,  vol.  ii.     C.  E.  Simon,  Johns  Hopkins  Hosp.  Bull.,  1890. 

*  Johns  Hopkins  Hosp.  Bull.,  1890. 

*  For  the  more  recent  literature  see  especially  H.  F.  Harris,  "Amoebic  Dysen- 
tery," Amer.  Jour.  Med.  Sci.,  1898,  p.  384. 
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Most  distinctive  are  the  movements  of  these  bodies.  From  anv 
part  of  the  surface  a  rounded,  hemispherical  knob  will  project,  and 
with  a  rapid  movement  the  process  extends  and  the  granules  in  the 
interior  flow  toward  it.  In  these  movements  the  clear  ectosarc  seems 
to  play  the  most  important  part.  The  organisms  are  actively  phago- 
cytic and  often  contain  red  corpuscles,  bacteria,  and  crystals.  Repro- 
duction occurs  by  fission. 

Various  attempts  have  been  made  to  cultivate  the  Amoeba  coli,  but 
on  the  whole  the  results  have  not  been  satisfactory.  In  every  attempt 
in  this  direction  adequate  bacterial  symbiosis  must  be  secured.  The 
most  comprehensive  work  in  this  direction  has  been  done  by  Musgrave 
and  Clegg.  The  medium  which  they  recommend  has  the  following 
composition  and  is  prepared  as  ordinary  agar: 


Agar 20.0 

Sodium  chloride 0.3-0.5    }•  pro  liter. 

Beef  extract 0.3-0.5 


} 


The  final  product  is  most  universally  satisfactory  when  1  per  cent, 
alkaline  to  phenolphthalein,  to  which  end  it  is  reconmiended  to  start 
with  an  initial  alkisJinity  of  1.5  per  cent. 

Tubes  of  this  medium  are  plated  and  the  surface  lightly  smeared 
with  material  selected  from  feces  containing  amebas.  Tlie  first  plates 
must  be  watched  frequently  under  the  microscope,  and  as  soon  as  it 
is  found  that  amebas  have  developed  (twenty-four  hours  to  four  or 
five  days)  transplants  must  be  made,  as  otherwise  they  are  liable  to 
die.  For  further  details  to  this  end  the  reader  is  referred  to  Mus- 
grave and  Clegg's  monograph.* 

To  demonstrate  amebas  in  stools  it  has  been  generally  suggested  to 
procure  bits  of  mucus  or  mucopus  for  examination.  Musgrave  and 
Clegg  recommend  that  the  patient  be  given  a  saline  cathartic  and  that 
the  examination  be  made  from  the  fluid  portion  of  the  stool.  Drops 
of  this  are  mounted,  covered  with  cover-glasses,  and  examined  with 
a  J.  The  diagnosis  of  amebiasis  should  then  only  be  made  if  motile 
amebas  are  encountered.  Resting  or  encysted  forms  may  be  mistaken 
for  epithelial  cells,  swollen  leukocytes,  etc. 

Not  infrequently  some  of  the  organisms  are  found  containing  one 
or  more  red  cells.     (Plate  XIV.) 

Staining  is  not  at  all  essential  for  the  purpose  of  demonstrating 
amebas  in  the  stool.  The  examination  of  the  fresh  material  is  much 
more  satisfactory  and  far  less  likely  to  lead  to  errors  of  diafi:nosis. 

Very  pretty  pictures  are  obtained  by  vital  staining  with  neutral  red. 
(Plate  XIV.)  To  this  end  it  is  only  necessary  to  run  a  drop  of  a 
dilute  solution  of  the  dye  under  the  cover-glass,  when  it  will  be  seen 
that  the  young,  actively  motile  amebas  take  up  the  stain  without 

*  Amebas,  Bureau  of  Government  Laboratories.  Biological  Laboratory  of 
Manila,  1904. 
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losing  their  motility.  They  can  then  be  readily  watched  in  their 
movements.  ,.  , 

The  preparatioh  of  stained  permanent  preparations  is  not  very 
satisfactory.  They  are  prepared  like  blood  films  and  colored  with  one 
of  the  modifications  of  the  Romanowsky  dye. 

When  older  material  only  is  available  it  may  be  difficult  to  arrive 
at  a  satisfactory  conclusion.  Sometimes  it  is  possible  to  cause  the 
amebas  to  move  again  by  warming  the  stool  in  an  open  dish  at  body 
temperature,  but  more  often  they  are  dead.  Attention  should  then 
be  especially  directed  to  ameba-like  structures  containing  red  blood 
cells.  If  su.ch  are  found  the  inference  that  the  cell  is  a  dead  ameba 
IS  usually  warrantable.  ' 

EntamoBba  coli  (Schaudinn). — ^This  is  not  to  be  confused  with  the 
Entamoeba  dysenteriae.  It  b  smaller  than  the  Entamoeba  dysenteriae, 
the  size  varying  between  10  and  15  /i.  It  is  opaque,  gray  in  color, 
and  provided  with  a  distinct  nucleus.  The  ectoplasm  is  usually  not 
visible.  The  movements  are  much  more  sluggish  and  the  tendency 
to  phagocytosis  much  less  marked.  It  is  considered  to  be  non-patho- 
genic. In  the  Philippines  it  is  apparently  quite  common.  Craig* 
finds  65  per  cent,  of  normal  individuals  infected  with  it,  but  uses 
saline  purgatives  to  produce  diarrheal  discharges,  as  recommended 
by  jMusgrave. 

ParamoBba  hominis  (Craig). — Craig*  observed  organisms  which 
apparently  occupy  a  position  intermediary  between  amebas  and  flagel- 
lates, in  several  cases  of  severe  diarrhea  occurring  in  the  Philippine 
Islands.  In  one  stage  of  its  existence  the  parameba  is  capable  of  active 
progressive  locomotion  and  is  much  larger  than  the  trichomonas  in 
the  resting  stage.  In  the  flagellate  stage  it  is  distinguished  from  the 
corresponding  stage  of  trichomonas  by  the  absence  of  an  undulating 
membrane,  the  presence  of  a  single  flagellum,  and  its  circular  form. 
The  question  of  its  pathogenicity  has  not  been  decided. 


riT 


The  FlageUaia  s.  mastigophora  differ  from  the  rhizopoda  in  being 
provided  with  from  one  to  eight  flagella,  which  serve  as  organs  of 
locomotion  and  possibly  also  for  the  apprehension  of  food  particles. 
Representatives  of  two  orders  only,  viz.,  the  monddina  and  isomasti- 
goday  have  been  found  in  the  feces.  Of  the  monadina  in  turn  only 
one  family,  viz.,  the  cenomonadina,  and  of  the  isomastigoda  only 
two  families,  the  tetramitina  and  polymastigina,  are  represented.* 

The  cenomonadina  are  small,  oval,  frequently  elongated  bodies, 
provided  with  one  long  flagellum  at  the  anterior  end,  at  the  base  of 
which  food  vacuoles  are  situated.  At  the  posterior  end  ameboid 
movements  mav  be  observed,  and  there  can  l)e  no  doubt  that  the 

>  Amer.  Med.,  1905,  pp.  850,  897,  and  036. 

'  Amer.  Jour.  Med.  Sci.,  AugU5?t,  1906,  p.  214. 

'  W.  Janowski,  Zeit.  f.  klin.  Med.,  vol.  xxxi,  p.  445. 
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taking  up  of  food,  to  some  extent  at  least,  also  occurs  by  the  aid  of 
pseudopodia.  To  this  family  belongs  the  cerconumas  of  Davaine 
and  Lambl.  The  tetramitina  are  small,  elongated  bodies,  provided 
with  four  flagella  and  a  lateral,  undulating  membrane,  which  was 
formerly  mistaken  for  a  posteriorly  directed  flagellum.  The  tail 
end  of  the  organism  tapers  to  a  point.  The  nucleus  is  located  at 
the  base  of  the  flagella.  To  this  family  belongs  the  parasite  which 
was  first  discovered  by  Donn^  in  the  vagina,  and  which  later  was 
found  also  in  the  feces,  and  which  has  b^n  variously  designated  as 
Trichomonas  hominis,  Cercomonas  coli  hominb,  etc. 

The  polymagtigina  are  small,  somewhat  oval  bodies,  provided  with 
two  or  three  flagella,  situated  either  anteriorly  or  laterally — ^two  or 
three  on  each  side — while  at  the  same  time  two  additional  flagella 
issue  from  the  posterior  end,  which  may  either  be  rounded  off  or 
taper  to  a  point.  To  this  family  belongs  the  Megastoma  entericum 
of  Grassi. 

The  question  whether  or  not  the  flagellate  bodies  are  of  patho- 
logical importance  still  remains  sub  jvdice.  They  are  apparendy 
met  with  only  in  diseases  associated  with  diarrhea,  and  it  appears 
that  in  some  cases  at  least  this  is  directly  dependent  upon  their  pres- 
ence; in  others  the  impression  is  gained  as  though  they  merely  main- 
tained an  already  existing  diarrhea  referable  to  other  causes;  while  in 
a  third  class  of  cases  no  relation  can  be  discovered  between  their  pres- 
cence  and  the  disease  in  question.  Cohnheim*  has  pointed  out  that 
living  infusoria  in  the  feces  may  be  a  symptom  of  a  primary  chronic 
stomach  affection  (gastritis,  usually  the  atrophic  form).  According 
to  the  same  writer,  encystetl  infusoria  may  also  be  found  in  the  feces 
of  healthy  indivicluals,  but  in  such  cases  we  may  assume  that  at  some 
time  previously  a  gastritis  or  agastro-enteritis  has  existed.  He  thinks 
they  have  no  pathogenic  significance,  and  are  merely  of  symptomatic- 
diagnostic  interest. 

Oercomonas  of  Davaine-Lambl :  syn.,  Cercomonas  hominis  (Da- 
vaine);  monas  (Marchand);  Monas  lens  (Grassi);  Monas  mono- 
mitina  (CJrassi).  The  adult  organism  (see  Fig.  79)  is  oval  or  roundish 
in  form,  Rud  provideil  anteriorly  with  a  single  long  flagellum  and 
posteriorly  with  a  tail-like  appendage.  Its  length  varies  from  0.005 
to  0.014  nun.  The  younger  forms  are  j)ear-shaped  or  S-shaped, 
and  sometimes  irregular  in  outline;  the  flagellum  is  then  either  absent 
or  rudimentary. 

Upon  prolonged  observation  it  will  be  seen  that  the  adult  parasite 
loses  its  flagellum  and  may  protrude  a  protoplasmic  process  instead, 
while  vacuolation  occurs  at  the  same  time,  indicating  approaching 
death.' 

'  Deutsch.  med.  Woch.,  1903,  vol.  xxix,  p.  248. 

*  Lambl,  Prag.  Vicrteljahr.,  1859,  vol.  Ixi,  p.  1  Davaine,  Traits  des  entozo- 
aires,  1860,  Paris.  Marchand,  ^'i^chow's  Arcliiv,  1875,  vol.  Ixiv,  p.  293,  Zunker, 
Deutsch.  Arch.  f.  pnikt.  Med.,  1878, 
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Donn^:    »gn..    Trichomonas     vaginalis    (Donn^) ; 
Trichomonas  hominis  (Grassi);  monocercomonas  (Grassi);  cim 


monas  (Grassi) ;  Protoiycomyces  coprinarius  (Ciinningliam  and  Lewis) ; 
Cercomonas  coli  hominis  (May);  Trichomonas  intestinalis  (Leuckart 
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and  Roos);  Cercomonas  s.  Bodo  urinarius  (KOnatler).  The  panaite 
(Fig.  80)  is  oval  or  spindle-shaped  and  measures  from  0.012  to  0.03 
mm.  in  length  by  0.01  to  0.015  mm.  in  breadth.  From  its  anterior 
pole  four  flagella  are  given  off,  which  are  almost  as  long  as  the 
organism  itself.  From  this  point  an  undulating  membrane  extends 
laterally  to  the  posterior  jwle,  which  may  be  rounded  off  or  tapers  to 
a  tail-like  appendage.  This  membrane  is  best  seen  when  the  move- 
ments of  the  flagella  have  ceased,  as  in  specimens  fixed  in  mercuric 
chloride  solution  (1  to  .WOO),  llie  nucleus  is  situated  at  the  base 
of  the  flagella,  but  is  usually  visible  only  in  stained  specimens  (methy- 
lene blue).  At  times  the  organisms  may  be  observed  to  assume  an 
ameboid  form;  the  movements  of  the  flagella  have  then  ceased,  and 
pseudopodta-like  processes  are  protruded.     The  parasite  b  identical 


with  the  trichomona.s  which  has  been  found  in  the  vagina  and  in 
the  urine.'  When  present  in  the  feces  the  organism  is  usually  seen 
in  large  numbers.  Not  infrequently  it  is  found  associated  with  other 
intestinal  parasites. 

Megastoma  entericum,  (ira^isi:  syn.,  Cercomonas  intestinalis 
(Lambl);  Megastoma  inteslinale  (Biitschh);  I>amblia  intestinalb 
(Blancharii);  L)iinoq)hus  niuris  ((Irassi),  The  parasite  (F'lg.  81) 
is  pear-shaped,  and  measures  fnim  0.01  to  0.021  mm,  in  length  by 
0.007.5  to  0.05  mm.  in  breadth.  In  Its  anterior  poriion  a  more  or 
less  well-marketl  depression  ran  be  made  out,  which  constitutes  the 
peristome  or  mouth-opening  of  the  organism.     It  is  provided  with 


'  Marclian<i,  loe.  eit.     Zunker,  loc.  ( 
Spe:!.  Path.  u.  Therap.,  1894,  vol.  vi. 


Moaler  u.  Peiper,  N'othnagel's 
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ei^t  flagella,  grouped  in  pairs.  The  first  pair  originates  on  the  sides 
of  the  peristome  and  is  directed  backward.  The  second  and  third 
pair  are  situated  somewhat  posteriorly  and  are  likewise  directed 
backward,  while  the  fourth  pair  issues  from  the  tapering  tail  end  of 
the  body.  In  fresh  specimens  the  eighth  flagella  can  usually  not  be 
made  out,  as  the  thinl  and  fourth  pair  are  frequently  a^lutinated. 
The  best  results  are  obtained  when  the  oi^nism  has  been  kilted  with 
mercuric  chloride  solution.  The  individual  flagella  vary  from  0.009 
to  0.014  mm.  in  length.  In  the  anterior  portion  of  the  peristome 
two  round,  hyaline  bodies  can  be  recognized,  which  represent  nuclei. 
Vacuoles  are  absent,  and  nutrition  occurs  through  osmosis,  the  para- 
site adhering  to  epithelial  cells  by  its  periostome.  When  treated  with 
fixing  solutions  the  chitinous  envelope  can  be  readily  recognized.  In 
the  encysted  form  the  oi^anism  is  oval  and  measures  from  0.007  to 
0.1  mm.  in  diameter. 


Grassi  observed  the  oi^nism  in  mice,  rats,  cats,  dogs,  rabbits,.Hid 
sheep.'  The  cUiaia,  as  the  term  indicates,  tarry  cilia,  and  of  these 
only  one  member,  belonging  to  the  hdotricha,  is  found  in  the  feces, 
namely,  the  Balantidium  coli. 

Balaatidinm  coli,  Stein:  syn.,  Paramoecium  coli  (Malmsten).  The 
oi^nism  is  oval  and  measures  from  70  /*  to  110  /i  in  length  by  60 
//  to  72  /i  in  breadth.  It  is  covered  entirely  with  fine,  actively  motile 
cilia,  which  are  grouped  most  densely  about  the  funnel-shaped  mouth, 
while  at  the  anus  only  a  few  are  seen.  An  ectosarc  and  an  endosarc 
may  be  distinguished,  and  the  parasite  possesses  the  power  to  change 
its  shape,  and  may  appear  quite  round.  In  its  interior  we  find  a 
large,  somewhat  kidney-shaped  nucleus,  two  contractile  vesicles,  and 
frequently  fat  droplets,  starch  granules,  etc.  {Fig.  82). 

>  Gnun  u.  SchewiakofT,  Zeit.  f.  wise.  Zoologie,  1S88,  vol.  dvi,  p.  143. 
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The  parasite  is  probably  pathogenic,  but  comparatively  i 
outside  of  Sweden,  tHnland,  and  Russia.  Infection  occurs  through 
the  dejecta  of  swine.  Strong  and  Wusgrave  report  that  in  iheir  caiw 
blood  examination  showed  a  relative  increase  of  the  eosiuophiles. 
From  200  to  300  organisms  have  been  encountered  in  a  single  drop  o( 
the  liquid  feces.' 

The  fourth  clos.'i  of  protozoa,  viz.,  the  Gregarina  or  sporozoa^  is 
also  said  to  be  representeii  in  the  human  feces.  I'he  coccitlia  and 
psorosperms  belong  to  this  onler.  They  are  oval  bodies,  measuring 
about  0.022  mm.  in  length,  and  contain  in  their  interior  a  laige 
number  of  small  nuclei  arranged  in  groups.  They  are  entirely 
devoid   of  organs  of  locomotion,   and    obtain   their  nutriment    by 


lieproduction  occurs  in  a  common  capsule, 
bursts  at  a  certain  time  and  sends  forth  a  whole  generation  of  fully 
developed  organisms.  In  human  pathologj-  they  have  become  of 
interest  in  so  far  as  certain  observers  have  ascribed  lo  them  a  role  in 
the  etiology  of  neoplasms.     A  disease  of  the  liver  analogotis  to  t 


'  Halmstfin,  Virt-how's  Arohiv,  1897,  vol.  xii,  p.  302.    Sievers,  '■  Ueber  B__ 
diuni  Coli  im  menacblicben  DarmkanEil,"  Arch.  f.  Verdauungsknuik.,  vol.  ' 

446.     Jsnowski,   "  Balantidium  Coli,"   Zeit.   f.   klin.   Med.,   vol.   icctii,   p.    

Hetuehen,  Arch.  f.  Verdauungak.,  1901,  vol.  vii,  p.  501.     Solorojew,  Centralbl.  t. 


BMter.,  1901,  vol.  xxJs,  pp.  821  and  849. 
1903,  vol.  xlix,  p.  321. 
*  V.  Waaielewiki,  Sporozoenkunde,  1896. 


A.  Ehrenrooth,  Zeit.  f.  klin.  Bfcd.. 
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■ptOTxapermiana  of  rabbits  has  also  been  described  id  man,  and  para- 
sites belon^ng  to  the  same  order  have  been  observed  in  the  skin. 

Cestodes.  — Tmia  aagioaU,  Goeze :  ayn. ,  T.  mediocanetUita  (Kiichen- 
meister);  T.  incniris  (Huber) ;  T.  dentata  (Nicola).  This  parasite  (Fig. 
84)  is  the  most  conunon  tapeworm  in  Europe  and  North  America. 


Tta  SI— Taaik  aviiut*: 


Infection  occurs  through  the  ingestion  of  measly  beef.  Its  length 
varies  from  4  to  8  m.  The  head,  which  is  devoid  of  a  rostellum, 
is  surrounded  by  four  pigmented  suckers,  each  of  which  is  encircled 
by  a  dark  line.  The  individual  segments  are  quite  thick  and  opaque, 
and  diminish  in  length  as  the  head  is  approached,  the  largest  measur- 
ing from  2  to  3  cm.    They  are  each  provided  with  a  very  much 
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branched  uterus,  which  opens  laterally,  the  primary  branches  nun>- 
bering  about  twen^  on  each  side  (Fig.  83).  The  ova  are  elliptial 
in  form,  of  a  brown  color,  and  usually  enclosed  in  a  vitelline  mon- 
brane  (Plate  XV).  Upon  careful  observation  a  double  contour  with 
delicate,  radiating  striie  can  be  discerned.  In  the  interior  the  bool- 
lets  of  the  embryos,  which  are  lost  in  the  adult  worm,  are  seen  on- 
bedded  in  a  brown,  granular  material. 

The  diagnosis  is  mostly  made  by  the  patient  when  s^;ments  are 
found  in  the  stoob.  In  doubtful  cases  the  e^s  should  be  looked  for; 
they  are  readily  seen  with  a  low  power  {J  Bausch  and  Lomb). 

'rhe  larval  form  of  Taenia  saginata,  the  so-called  Cysticercus  ttaax 
saginatu;  (Leuckart),  or  the  Cysticercus  bovia  (Cpbbold),  has  been 
encountered  in  cattle,  the  Rocky  Mountain  "antelope,"  the  llama, 
and  the  giraffe.     In  the  human  being  it  has  not  been  observed.' 

Tania  BoUum,  Rudolphi:  syn.,  T.  cucurbitina,  plana,  pellucida, 
Goeze.  Thb  parasite  (Fig.  85)  is  far  less  common  m  this  country  than 
the  Tenia  saginata,  and  may  indeed  be  regarded  as  a  curiosity.  In 
Germany,  abo,  it  b  only  rarely  met  with  now,  while  formerly  it 


was  the  most  common  tapewonn  in  that  country.  This  change  is 
undoubtedly  owing  to  the  fact  that  raw  pork  is  now  eaten  less  fre- 
quently.    In  Asia  and  Africa  it  is  more  common. 

Taenia  solium  is  usually  much  shorter  than  Tenia  saginata,  rarely 
exceeding  3..'»  m.  in  length.  Most  characteristic  is  the  head,  which 
is  provided  with  four  pigmented  suckers  anti  a  rostellum,  furnished 
with  from  twenty-four  to  twenty-six  booklets  arranged  in  a  double 
row.  The  rimtuR-  segments  measure  from  1  to  1.5  cm.  in  length 
by  C  to  7  mm.  in  breadth,  and  contain  a  utenis  which  has  only  five 
to  seven  branches,  thus  differing  greatly  from  that  of  Ttenia  saginata. 
The  ova  are  round,  of  a  Imiwnish  color,  and  surrounded  with  a 
thick,  radially  slriateil  membrane;  in  their  interior  the  booklets  of 
the  embryos  can  usually  l>e  made  out.  Tliey  are  readily  found  in 
the  feces  and  should  be  looketl  for  in  doubtful  cases. 

'  J.  Ch.  Huber,  Hie  narmeestoden  des  Menschen.  Biblionraph.  d.  kiln  Helmin- 
thol.,  Heft  3.  No,  4,  p,  m.  Miini-hen,  1R92.  H,  Uuckart,  Die  PatsaiteD  dea  Men- 
scbeo,  etc.,  2d  ed.,  18^,  pt.  i. 
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The  larval  fonn  of  this  tapeworm,  the  Cysticercus  cellvloscB,  has 
been  found  in  swine,  the  wild  boar,  in  monkeys,  in  the  brown  bear, 
in  the  dog,  etc.  At  times,  though  rarely,  an  auto-infection  with  the 
proglottides  of  Tsenia  solium  has  also  been  observed  in  the  human 
being.  Under  such  conditions  the  embryos  of  the  worm  are  set  free 
in  "the  stomach,  and  may  then  migrate  into  various  parts  of  the 
body,  where  they  become  encysted.  Most  commonly  the  cysticerci 
are  foimd  in  the  skin;  they  have,  however,  also  been  observed  in 
the  heart,  the  lymph  glands,  liver,  bones,  tpngue,  spinal  canal,  the 
brain  and  the  eyes.  I  have  had  occasion  to  observe  a  case  of  this 
kind  at  the  Johns  Hopkins  Hospital  (reported  by  Osier).  The 
patient,  a  laboring  man,  had  never  worked  as  a  butcher  or  a  cook, 
and  never  had  a  tapeworm.  The  cysticercus  nodules,  which  were 
situated  between  the  skin  and  the  fascia,  were  very  numerous, 
seventy-five  being  counted  on  one  day.  One  of  these  nodules  was 
removed  for  examination,  and  was  shown  to  be  reterable  to  the 
cysticercus  of  Taenia  solium.  The  only  subjective  complaints  in  this 
case  were  pains  and  stiffness  in  the  arms  and  legs.  The  individual 
cysticercus  was  elliptical  or  roundish  in  form,  measuring  from  1  to 
10  mm.  in  diameter.  In  its  interior  the  characteristic  booklets  were 
seen.* 

Tsniia  nana,  v.  Siebold:  syn.,  hymenolepis  (Weinland).  This 
parasite  (Fig.  86)  seems  to  be  the  most  common  tapeworm  of  Italy 
and  Egypt.  It  has  also  been  seen  in  Buenos  Ayres,  in  Bangkok, 
Siam,  and  a  few  isolated  cases  have  been  reported  in  England  and 
in  Germany.  In  the  United  States  the  parasite  seems  to  be  not  at 
all  uncommon,  but  has  probably  been  overlooked  in  many  cases. 
Stiles  states  that  in  his  laboratory  eighteen  cases  have  been  diagnos- 
ticated within  a  year  (1902).  It  is  found  especially  in  young  people, 
and  often  causes  severe  nervous  symptoms.  It  is  only  8  to  25  mm. 
long  and  0.5  mm.  broad.  The  head  is  ball-shaped  and  provided 
with  four  suckers  and  a  rostellum,  bearing  twenty-four  to  twenty- 
eight  booklets  arranged  in  a  single  row  along  its  anterior  edge.  The 
individual  segments  are  of  a  yellowish  color  and  about  four  times  as 
broad  as  long.  The  uterus  is  oblong  and  contains  numerous  ova, 
which  are  colorless,  oval,  and  surrounded  by  a  distinct,  non-striated 
membrane.  They  measure  from  0.839  to  0.060  mm.  in  size.  In 
their  interior  the  embryonic  worm,  provided  with  five  or  six  booklets, 
may  be  distinguished.  The  number  of  worms  which  may  at  times 
be  found  in  the  digestive  tract  is  most  astonishing;  5000  and  even 
more  have  been  counted  on  several  occasions.  The  cysticercus  stage 
occurs  in  snails,  which  are  frequently  eaten  raw  in  Egypt  and  Italy. 
Taenia  nana  has  been  identified  with  the  Taenia  murina  of  rats  and 

*  Huber,  loc.  cit.  Leuckart,  loc.  cit.;  and  Blanchard,  Traits  de  Zoologie 
m^cale,  vol.  iv,  Paris.  The  Inspection  of  Meats  for  Parasites,  Bull.  No.  19, 
Bureau  of  Animal  Industry,  Washington,  189$. 
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other  rodents.'     Iti  doulitful  cases  the  eggs  should  be  looked  for;  they 
are  readily  seen  with  a  low  power  (B.  and  L.  §), 


'  Grassi.  Centrallil.  f.  Bakt,  u.  Parasit..  1S87.  vol.  i.  p.  97.  Grassi  u.  Caland- 
ruccio,  ibid.,  1887,  vol,  ii.  p.  2S2.  Comini,  ibid.,  p.  27.  Bilharz,  cit«d  t)y  Leuc- 
kart.    C  W  Stiles.  New  York  Med.  .lour.,  Nov.  7,  1903. 
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Tmia  diminata,  Rudolph! :  ayn,.  Taenia  flavapunctata  (Weinland); 
^KDia  miniTTift.  (Grassi);  Taenia  varerina  (Parona);  Taenia  lepto- 
qphala  (Cieplin).  Taenia  diminuta  was  fii3t  described  in  man  by 
icidy,  GiBSSi,  and  Parona.  It  measures  20  to  60  mm.  in  length, 
nd  is  armed  with  two  suckers,  but  is  without  a  rostellum.  The 
va  resemble  those  of  Taenia  solium.  The  cysticercus  occurs  in 
ertain  caterpillars  and  cocoons.  In  man  it  has  been  iound  in  only 
ix  instances.^ 

DipyUdinm  eaniimm,  Linn^:  syn..  Taenia  canina  (Linn^);  Taenia 
noniliformis  (Pallas);  Taenia  cucumerina  (Bloch);  Taenia  elliptica 
Batsch).  The  parasite  is  found  almost  exclusively  in  children; 
nfection  occurs  through  dogs  and  cats.  In  the  United  States  the 
lisease  b  apparently  rare.  The  only  case  reported  is  that  of  Stiles.' 
rhe  larval  form  is  found  in  lice  and  fleas.  The  worm  itself  measures 
rom  15  to  35  cm.  in  length.  The  head  is  small,  globular;  the  rostel- 
um  club-shaped  with  3  or  4  transverse  rows  of  hooks  (about  60 
n  number)  of  rose-thorn  form;  anterior  hooks  15  //,  posterior  hooks 
I  fJL\  suckers  relatively  large,  rather  elliptical.  S^ments  80  to  120 
n  number;  gravid  segments  8  to  11  mm.  long,  1.5  to  3  mm.  broad; 
iften  reddish-brown  in  color.  Genital  pores  at  equator  or  in  posterior 
lalf  of  segment;  uterus  forms  egg  capsules,  each  containing  from  8 

0  20  ^gs,  ^gs  globular,  43  to  50  fi  in  diameter.  The  ova  contain 
embryos  already  armed  with  booklets  (Stiles).  In  diagnosis  Stiles 
uggests  that  search  be  made  in  the  feces  for  the  peculiar  elongated 
Jliptical  tapeworm  segments  (Fig.  87).  Microscopic  examination 
rf  the  feces  for  eggs  is  less  certain  than  in  cases  of  infection  with 
Pamia  saginata,  Taenia  solium,  or  Dibothriocephalus  latus,  since 
>ipylidium  is  much  smaller  and  less  prolific  than  any  of  these  three 
orms.' 

TflNiia  Africana,  v.  Linstow.* — ^This  parasite  has  been  found  in  two 
nstances,  in  the  case  of  two  native  soldiers  at  Nyasa  Lake.  IJke 
he  scolex  of  Taenia  saginata,  that  of  the  present  species  is  devoid  of 
looklets.  Its  length  is  about  1.4  m.;  the  number  of  segments  about 
iOO.    They  are  all  much  broader  than  long.     The  uterus  consists  of 

1  main  portion  running  fore  and  aft,  from  which  from  15  to  24  side 
>ranches  issue,  which  do  not  branch  dichotomously  and  are  so  closely 
racked  that  they  cannot  be  recognized  with  the  naked  eye. 

Tania  Madagascariensis  (Grenet). — lliis  parasite  has  been  found  in 
Vladagascar,  in  Mauritius,  in  Bangkok,  and  in  a  Demarara  Indian, 
rhe  worm  attains  a  length  of  from  25  to  30  cm.  and  is  composed  of 

^  Leidy  and  Parona,  cited  by  I^uckart. 

'  Amer.  Med.,  1902,  vol.  v,  p.  65. 

'  A.  Hoffmann,  Jahresb.  f.  Kinderheilk.,  1887,  vol.  xxvi.  Heft  3  u.  4.  Kriiger, 
5t.  Peter^urg.  med.  Woch.,  1887,  vol.  xii,  p.  341.  Brandt.  Centralbl.  f.  Bakt.  u. 
?arasit.,  1889,  vol.  v,  p.  99. 

*  Centralbl.  f.  Bakt.  u.  Parasit.,  1900,  vol.  xxviii,  p.  485. 
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from  500  to  600  trapezoid  segments.  The  rostellum  is  surroundo!  bj 
a  double  row  of  minute  booklets.  The  suckers  are  round  and  qnitt 
large.  Blanohard  su^ests  that  the  cockroach  may  be  its  intenu- 
diarj'  host. 

Dibothrioceplialtis  latas,  Linn^,  Lueke:  syn.,  Bothriocephalus  latni, 
(Bremser),  Tsenia  lata  (Linn^);  Dibothrium  latum  (Rudophi)  {set 


Kg.  88).  'ITiis  wonn  is  usually  5  to  10  m.  long  and  of  a  reddbh- 
grny  color,  Ix>iiper  specimens,  however,  may  also  be  encountered. 
In  Wilson's  ca.se  82  feet  of  segments  were  obtuned  from  two  worms, 
so  that  the  length  of  each,  supposing  both  to  hare  been  of  the  same 
size,  must  have  been  more  than  40  feet.     The  head  is  almond-shaped 
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and  upon  its  flat  surfaces  two  distinct  grooves  can  be  discerned,  wHich 
probably  act  as  suckers.  It  measures  2  to  3  mm.  in  length  by  1  mm. 
in  breadth.  The  neck  is  very  short  and  passes  at  once  into  the  body 
8^;ments.  Adjacent  segments  can  often  be  distinguished  only  by 
means  of  the  recurrence  of  the  sexual  apparatus,  which  appears 
r^ularly  in  spite  of  the  imperfect  individualization  of  the  segments. 
The  ripe  segments  are  almost  square  in  form,  with  the  genital  appa^ 
ratus  opening  in  the  median  line,  llie  fully  developed  segments 
measure  2.5  to  4.5  mm.  in  length  by  8  to  14  mm.  in  breadth.  The 
total  number  of  s^ments  may  far  exceed  3000.  The  frequent 
occurrence  of  imperfect  and  abortive  types  of  twin  segments  may  be 
considered  an  almost  distinctive  feature  of  the  bothriocephalus  family 
(Wilson).  The  uterus  presents  4  to  6  convolutions  on  each  side,  which 
become  especially  distinct  when  the  segments  are  placed  in  water 
or  are  exposed  to  the  air.  A  rosette-like  appearance  is  then  noted, 
which  is  quite  characteristic  (Fig.  83).  The  rosette  deepens  in  color  in 
proportion  to  the  number  of  ova  which  the  uterus  contains,  and  toward 
the  tail  of  the  parasite,  from  the  segments  of  which  many  or  all  the 
eggs  have  been  discharged,  the  rosette  tends  to  become  light  in  color, 
and  may  indeed  appear  whiter  than  the  surrounding  parenchyma. 
The  ^gs  (Fig.  89)  are  oval,  0.06  to  0.07  mm.  long  and  about  0.045 
mm.  broad;  they  are  enclosed  in  a  brown  envelope,  at  the  anterior  end 
of  which  a  little  lid  can  be  recognized.  Their  contents  consist  of  pro- 
toplasmic spherules,  all  of  about  the  same  size,  which  are  lighter  in 
color  in  the  centre  than  at  the  periphery.  In  infected  individuals 
they  are  constantly  found  in  the  stools. 

The  larvae  have  been  found  in  various  fresh-water  fishes,  such  as 
the  perch,  the  ling,  the  turbot,  in  various  members  of  the  trout 
family,  but  they  are  most  commonly  encountered  in  the  pike.  It  is 
thus  readily  understood  why  the  parasite  is  most  common  in  lake 
regions,  as  in  Switzerland,  northern  Russia,  southern  Scandinavia, 
and  northern  Italy.  It  is  seldom  seen  in  middle  Germany,  but  is 
so  conunon  in  Ireland  that  Cobbold  named  it  the  Irish  tapeworm. 
Outside  of  Europe  it  is  most  common  in  Japan.  In  the  United  States 
a  few  imported  cases  have  been  observed  by  Walker  and  Leidy, 
Packard,  Hageestam,  Riesman,  Stengel,  McFarland,  and  Wilson. 

Multiple  infection  has  been  repeatedly  observed.  Bottcher  notes 
a  case  in  which  100  worms  were  found;  Roux  and  Eichhorst  both 
speak  of  cases  with  90,  Heller  of  one  with  38,  and  in  Wilson's  case 
2  were  undoubtedly  present.  When  more  than  1  occurs  the  growth 
of  the  individual  is  impeded,  and  small  specimens  are  then  usually 
seen  (three  to  five  feet  or  more).  Clinically  the  parasite  is  of  especial 
interest,  as  its  presence  in  a  certain  percentage  of  cases  is  associated 
with  the  clinical  picture  of  a  pernicious  anemia;  in  others,  how- 
ever, no  deleterious  effect  upon  the  red  corpuscles  is  noted,  although 
several  worms  may  be  present  in  the  intestinal  tract. 
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Besides  in  man,  the  worm  h&s  been  encountered  in  the  dog,  ol, 
the  seal,  and  in  some  water  birds.  The  ovum,  after  being  discharged 
in  the  feces,  during  a  variable  period  of  incubation  in  the  water 
develops  into  the  onchosphera,  a  ciliated  larva  with  six  hooklets  (Fig: 
91 ).  The  larva  is  then  liberated  from  the  ovum  by  passing  throu^the 
lidded  end,  and  by  means  of  its  cilia  moves  rapidly  through  the  water. 
If  not  eaten  by  hsh,  it  dies;  otherwise  it  develops  into  the  bothiio- 
cephalus  measle,  the  plerocercoid  (Fig.  90],  which  has  both  head  and 
tail.  Infection  of  man  then  occurs  when  such  fish  are  eaten  either 
raw  or  but  partly  cooked.  In  man  the  cysticercus  stage  has  not  bttn 
observed.' 

KiKbbea  graudiB,  Blanchard. — This  parasite  has  been  observed  in 
only  one  instance — in  Japan.  It  is  said  to  resemble  certain  bothiio- 
cephali  which  are  found  in  seals.  The  genital  organs  are  double  in 
each  segment.  The  vulva  and  uterus  open  ventrally.  The  wonn 
attains  a  length  of  10  m.  with  a  breadth  of  2  cm. 


Iiu  Utun     [Leucluvt  •nd  Bnun  ) 


Trematodes.  — The  varions  forms  of  distoma  which  belong  to  thb 
onler  are  e,s,seritiiilly  hejmtic  parasites,  and  rarely  occur  in  the  feces, 

Distoma  bepaticum,  Ahildgaard:  sifn.,  Fasciola  hepatica  (Linn^) 
(Fig.  92).  This,  tlie  most  common  liver  fluke,  is  28  mm.  long  and 
12  mm.  broad;  it  is  fonned  like  a  leaf.  The  leaf  is  provided  with 
a  sucker,  and  a  secoiul  siiokcr  may  be  found  at  its  ventral  surface. 
Between  the  two  the  genital  opening  is  located,  leading  into  a  skein- 
shapeii  uterus.     The  eggs  are  oval,  measuring  0.13  mm,  in  length 

'  Schnumann,  Ziir  Kennfnisy  d.  sogenaniiten  Bothriocephalus-AnEienve,  Berlin, 
1894.  Schftiimaim  11.  Tallipiist,  "  Uebcril.  blutkorperchenauflSsenden  Eif^nschaf- 
ten  d.  brciten  ISandn'urnis,"  Deutsch.  mod.  Woch.,  1898,  p.  312.  Runeben, 
DeutBch.  Arcli.  f,  klin.  Med..  1R87,  \-oi,  xli,  p.  304.  Askanazy,  Zeit.  f.  klin.  MedT, 
i,  p.  492.     II.  N.  Wilson,  "  Bothriowphalua,  Report  of  a  Caae  of 


Double  Infection,''  Amcr.  Jour  Med.  .Sci.,  1!)02,  \-ol.  c 


av.  p 
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and  0.08  mm.  in  breadth,  the  anterior  end  being  provided  with  a  lid ; 
their  color  is  brown.  In  the  United  States  the  organism  is  practi- 
cally unknown,  while  in  Gennany  it  is  most  common  in  sheep.  In 
the  human  being  it  is  rare  in  both  countries.  It  occurs  in  cattle, 
sheep,  swine,  cats,  rabbits,  etc.     Infection  occurs  through  a  small 


Via.  02.— DiMuma  hrpmlicum.  ' 
mnd  fenuile  lenitiU  ■ppantiw. 
Zie^r,  Kfter  Leuekut.) 


snail,  the  LinnBeus  minutus,  which  is  found,  in  Germany  especially, 
upon  watercress.' 

Diatoms  UncMUtnm,  Mehlis,  has  been  found  in  only  five  cases, 
all  of  which  occurred  in  Gennany  (Fig.  93).  It  is  much  smaller 
than  Distoma  hepaticum,  measuring  S  to  9  mm.  in  length,  by  2  to 
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3.3  mm.  in  breadth.  It  is  lancet-shaped,  tapering  toward  the  head 
end,  but  otherwise  closely  resembles  Distoma  hepatieum.  The  ova 
are  0.04  mm.  long,  0.03  mm.  broad,  and  contain  fully  developed 
embryos.     In  cattle,  sheep,  and  hogs  the  oi^nism  is  quite  common.^ 

Distoma  Buski,  I^nkester:  syn.,  Distoma  rhatonisii  (Poirier); 
Distoma  cranum  (Busk);  Fasciolopsis  Buski  (Lankester.)  The 
parasite  has  been  observed  in  China,  Sumatra,  the  Straits  Settle- 
ments, Assam,  and  India.  P^n  imported  case  has  been  described 
in  the  United  States  (Moore).  It  is  the  largest  distoma  occurring  in 
man,  measuring  over  an  inch  in  length.  It  probably  inhabits  the  upper 
portion  of  the  intestine  and  may  give  rise  to  attacks  of  recurring 
diarrhea  and  other  signs  of  intestinal  irritation.  Infection  probably 
occurs  through  certain  fishes  and  oysters,  with  certain  snails  as 
intermediary  hosts.' 

Distoma  sibiricnm,  WinigradofF:  syn.y  Distoma  felinum  (Rivolta). 
This  parasite  was  found  in  Tomsk,  by  Winigradoff,  in  eight  autop- 
sies out  of  one  hundred  and  twenty-four.  Askanazy  also  reports 
two  cases  of  infection  from  eastern  Prussia,  in  which  the  eggs  were 
found  in  the  stools.  In  one  of  the  cases,  which  came  to  section, 
more  than  one  hundred  organisms  were  found  in  the  biliary  passages. 
Its  length  may  reach  13  mm.  The  ova  are  0.026  to  0.038  mm.  long 
and  0.010  to  0.022  mm.  broad.  The  intestine  is  simple  and  extends 
to  the  posterior  extremity  of  the  body.     Its  surface  is  smooth.* 

Distoma  spatnlatam,  I^uckart:  syn,,  Distoma  sinense  (Cobbold); 
Distoma  endemicum  (Balz);  Distoma  japonicum  (Blanchard).  It 
has  been  observed  in  India,  Mauritius,  Corea,  Formosa,  China, 
Tonkin,  and  Japan,  and  it  appears  that  in  die  two  last-named  coun- 
tries it  is  (]uite  common.  It  inhabits  the  biliary  passages  and  gall- 
bladder. It  is  distinctly  pathogenic.  The  ova  may  be  found  in  the 
stools.  The  parasite  possibl}  also  occurs  in  cats.  The  intermediarj' 
host  is  not  definitely  known;  it  may  be  some  fresh-water  raollusk. 
It  is  about  11.75  mm.  long  and  2  to  2.75  mm.  broad.  The  living 
parasite  is  of  a  reddish  color  and  translucent,  so  that  it  is  possible  to 
distinguish  all  its  interior  organs.  The  ova  measure  0.028  to  0.030 
mm.  in  length  by  O.OK)  to  0.017  mm.  in  breadth,  and  are  enclosed  in 
a  colorless  envelope.* 

Other  parasites  belonging  to  this  order  are  Distoma  conjunctam 
(Cobbold),  Distoma  heterophyes  (v.  Siebold),  and  Amphistomnm 
hominis  (I^wis  and  ]\lcConnell).  The  la^t  named  appears  to  be 
common  in  elephants  and  has  been  encountered  in  natives  of  Assam, 
in  two  Indians  in  Calcutta,  and  in  an  East  Indian  immigrant  in 

*  Leuckart,  loc.  cit.,  p.  137. 

'  Poirier,  Centralbl.  f.  Bakt.  u.  Parasit.,  1H8S,  vol.  ii,  p.  186. 
'  Winigradoff,  cited  bv  Hraun,  Centralbl.  f.  Bakt.  u.  Parasit.,  1894.  vol.  xv,  p. 
602. 

*  Blanchard,  loc.  cit. 
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Britbh  Guiana.  It  is  quite  small,  measuring  from  5  to  8  mm.  in 
length  by  3  to  4  mm.  in  breadth  and  is  characterized  by  the  large 
size  of  its  posterior  suckers. 

Dictoma  hetarophyes  is  the  smallest  distoma,  so  far  a^  we  know, 
which  is  found  in  man.  It  occurs  in  Egypt  and  is  thought  to  be 
innocuous.    (Fig.  94.) 

Diatonift  eonjimctam  was  discovered  in  an  East  Indian.  Its  surface 
is  covered  with  minute  spicules.  It  is  not  of  much  pathological 
importance.    (Fig.  95.) 


Distoma  haimatobiam  and  Distoma  pnlmonalo  are  described 


Anndideg. — The  annelitles  are  very  common  intestinal  parasites, 
and  of  these  especially  the  nemalodes. 

Aflcaiifl  Inmbricoides,  Linn^  (Eig.  96),  is  the  cylindncally  shaped 
worm  so  commonly  seen  in  children  and  in  the  insane.  The  head 
consists  of  three  projections  or  lips,  which  are  provided  with  suckers 
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Fig,  95.— Distoma  con  j  mi 
Cnbb  <nw  LewiB  and  Crum ;  ntv  M. . 
mill,  from  Canit  fulm  (Cobbol.l): 
I'l,  i-eDtn[  Backer:  /,  intatine:  V  •• 
vitelline  nc*:  Et,  excretnry  bUddci. 
r,  l«ii(»:  O,  ovary;  Mi.  nrsl  sucker; 
PA,  ph«ryii»-,  Ul.  uterus. 


iLrco  lips.     (After  Ferio.  rnoa  hesler.l 
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and  fine  teeth.  The  male  measures  about  215  mm.,  the  female  about 
400  nmi.  in  length.  The  tail  end  of  the  male  b  rolled  up  on  its 
ventral  surface  like  a  hook,  and  is  provided  with  papillae.  The  gen- 
ital aperture  of  the  female  is  situated  directly  behind  the  anterior 
third  of  the  body.  The  eggs  are  yellowish  brown  in  color,  almost 
round,  and  measure  0.06  mm.  by  0.07  mm.  in  size;  they  are  sur- 
rounded by  an  irregular  albuminous  envelope,  which  is  covered  by 
a  tough  shell;  the  contents  are  coarsely  granular. 

As^ris  lumbricoides  is  found  in  all  countries,  and  also  infests  the 
pig  and  the  ox.    Its  presence  may  occasion  severe  nervous  symptoms.* 

Aflcaris  mjnitaz,  Zeder:  syn.y  Ascaris  marginata  (Rudolph!) ;  Ascaris 
alata  (Bellingham)  (Fig.  97).  This  worm  is  smaller  and  thinner  than 
Ascaris  lumbricoides,  but  otherwise  very  similar.  The  head  is  pointed 
and  provided  with  wing-like  projections  which  constitute  the  main 
point  of  diflFerence  between  the  two.  The  male  measures  45  to  60 
mm.  in  length,  the  female  110  to  120  mm.  Its  ova  are  round,  larger 
than  those  of  Ascaris  lumbricoides,  and  enclosed  in  a  membrane 
which  is  covered  with  numerous  small  depressions.  The  worm  is 
common  in  dogs  and  cats,  but  very  rare  in  man.* 

Aflcaris  maritima,  Leuckart,  also  belongs  to  this  class.  It  has  been 
observed  in  only  one  case — ^in  Greenland. 

Ascaris  Texana  (Smith-Goeth).'  A  supposedly  new  species,  which 
has  been  found  in  a  single  instance  in  Texas.  The  male  has  not  yet 
been  described. 

Ozyuris  vermicnlaris,  Bremser:  syn,y  Ascaris  vermicularis  (Linn^); 
Ascaris  grsecorum  (Pallas)  (Figs.  98,  99,  and  100).  The  male  is  4 
nmi.,  the  female  10  mm.  long.  At  the  head  three  lip-like  projections 
with  lateral  cuticular  thickenings  may  be  seen.  The  tail  of  the 
male  is  provided  with  six  pairs  of  papillse  and  the  female  with  two 
uteri.  The  ^gs  are  0.05  by  0.02  to  0.03  mm.  in  size,  and  covered 
with  a  membrane  showing  a  double  or  triple  contour;  in  the  interior, 
which  is  coarsely  granular,  the  embryos  are  contained. 

The  female  worm  lives  in  the  cecum,  but  after  impregnation 
travels  downward  to  the  rectum.  Here  it  causes  most  annoying 
symptoms,  which  are  especially  distressing  at  night,  when  the  organ- 
ism emerges  from  the  anus.  In  doubtful  cases  of  pruritus  ani  et 
vulvae  an  examination  of  the  feces  should  be  made  for  this  parasite. 
The  ova  themselves  do  not  occur  in  the  feces.* 

Uncinaria  dnodenalis  (Roilliet),  Ankylostomum  duodenale  (Dubini) : 
syn,,  Ankylostoma  duodenale  (Dubini);  Strongylus  quadridentatus 

"  Lutz,  Centralbl.  f.  Bakt.  u.  Parasit.,  1888,  vol.  iii,  pp^  553,  584,  616.  Hogg. 
Brit.  Med.  Jour.,  1888,  p.  121.  Kartulis,  Centralbl.  f .  Bakt.  u.  Parasit.,  volTl. 
p.  65. 

'  K.  A.  Rudolphi,  Arch.  f.  Zool.  u.  Zoot.,  1803,  vol.  iii,  pt.  ii,  p.  1.  Idem,  Ento. 
zoonim  8.  vermium  intestinal,  historia  naturalis,  Amsteraedami,  ii,  2. 

'  Jour.  Amer.  Med.  Assoc.,  Aug.  20,  1904,  p.  542. 

^  Lutz,  loc.  cit. 
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(v.  Siebold).  Dochmius  ankylostomum  (Molin);  St-leraatoraa  liiio- 
denale  (Cobbolil) ;  Stroiigylus  duodenalis  (Schneider);  D(x*hiniusduo- 
denale  {I^uckart)  (Figs.  1(11  to  103).  This  organism  belongs  t<. 
the  family  Slron^jloides,  and  is  one  of  the  most  dangerous  parasites 
met  with  in  the  human  being.     It  has  been  found  in  Italy,  Germanr, 


™icui«rit;  0,  Bciimllj  Fm.  liHi.-    V«g-  .if  ijiynns  wrmli-uliiru  in 

i^e  llLLed  »Uh  eagf;       mrlout  fiUijicsuf  Jisveloiiiiidiil:   a.S.t,  dlvi»ii.u 

I,    10.     cAliBf   ileilur,       i-t  Iho  jrolk;  d.  lartnole-lLke  ombryo:  i.  worm. 

Kbunnl    cmtiryii,     Hiwn><ic«l')ii.   WO.     (Altci 

Zenkiir  hdU  Ueller,  lh>in  Zlefler  ) 


Switzerland,  Belgium,  Egy[)t,  and  the  West  Indies.     ('.  W.  Stil^ 
has  shown  thai  a  distinct  species  of  the  hookworm  exists  in  the  Uni 
States  as  also  in  the  West  Intlies,  viz.,  in  Cuba  and  Porto  Rico, 
Undnaria  Americana,  and  that  in  the  sand  regions  of  the  Sou| 
infection  with  this  parasite  is  common.     Infection  occure  verj'  lai_  ' 
through  the  skin  and  perhaps  altogether  so.     C.  A.  Smith  iusi^ 
that  uncinariasis  exists  in  all  cases  in  which  ground  itch  has  occurM 
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i;  (,  fnl;  d,  moal  glmndi: 

.,  _._ ,.  __     ., l»j»r;   A   eicrelory  pore;  t,  trilobed  bufM;  t,  rib*  or 

tnina:  C.  ■emiiikl  duel;  m,  veniCDln  Kmlulln:  a,  ductua  ejiculatorliis;  o,  lis  groore;  p.  penli; 
q,  penile  tlwaUi.    HignlAcMloD.  20,    (Alter  ScbultbcM.  rrom  Zlegler.) 
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within  eight  years,  and  that  the  disease  is  rarely  if  ever  present  in 
those  who  have  not  had  ground  itch  within  that  time. 

From  a  pathological  standpoint  the  parasite  is  of  special  interest, 
as  its  presence  may  give  rise  to  severe  and  fatal  anemia.  Grie- 
singer  was  the  first  to  point  out  that  the  so-called  Egyptian  chlorosb 
is  produced  by  this  organism.  Subsequently  it  was  shown  that  the 
same  parasite  was  responsible  for  the  anemia  which  devdoped 
among  the  workers  on  the  St.  Grothard  tunnel,  and  which  is  com- 
mon among  the  brickmakers  in  certain  districts  in  Germany.  In 
this  country  the  anemia  of  the  dirtrcaters  has  long  been  known  in 
the  South,  and  has  been  generally  attributed  to  the  peculiar  habit. 
Its  real  cause  is  now  manifest.     In  Porto  Rico  the  disease  was  very 

m 

common  until  very  recently  and  responsible  for  much  of  the  severe 
anemia  which  was  so  frequent  among  the  natives.  In  Germany, 
France,  and  Belgium  the  mining  districts  have  become  extensively 
infested  and  the  eradication  of  the  disease  a  serious  problem. 

Outside  of  man  the  parasite  is  not  uncommon  in  oogs,  cattle,  and 
sheep. 

The  male  is  6  to  11.5  mm.  long,  the  female  10  to  18  nmi.  The 
head,  which  tapers  somewhat,  is  turned  toward  the  back;  the  mouth 
capsule  is  hollowed  out  and  surroundeii  by  4  teeth;*  the  tail  of  the 
male  forms  a  3-lobed  bursa,  while  that  of  the  temale  tapers  coni- 
cally;  the  genital  opening  Ls  behind  the  middle  of  the  body.  Its 
eggs  have  an  oval  form  and  a  smooth  surface,  measuring  from  0.05 
to  0.06  by  0.03  to  0.04  mm.  In  their  interior  two  or  three  segmenting 
bodies  are  found,  which  rapidly  develop  outside  ot  the  human  Ixxly, 
so  that  after  twenty-four  to  forty-eight  hours  embrj^os  may  be  found 
in  the  same  feces  in  which  the  eggs  were  observed,  or  fully  developed 
ova  may  be  found  after  allowing  the  feces  to  stand  for  only  a  few 
hours  (Plate  XV).  When  allowed  to  dry,  the  young  parasites 
become  encysted,  hut  after  remaining  so  even  for  from  one  to  two 
weeks  they  are  ca])al)le  of  infection.  A  second  host  for  its  cycle  of 
development  is,  according  to  I^ichtenstem,  not  necessary.* 

The  habitat  of  the  adult  wonn  is  the  jejunum.  It  is  rarely  found 
in  the  fece.s.  Its  eggs,  however,  are  common,  and  should  be  looked 
for  in  everj'  case  of  anemia  the  cause  of  which  is  not  manifest,  especially 
in  miners,  tunnel-workers,  brickmakers,  dirt-eaters,  etc.  Any  sj>eci- 
men  of  fecal  material  will  answer  as  a  rule,  but  it  is  best  to  procure 

*  The  American  species  has  only  one  dorsal,  conical  tooth,  which  projects  pro- 
minently into  the  buccal  cavitv  (Stiles). 

'  (Wtralbl.  f.  klin.  Med.,  1SS.5,  vol.  vi,  p.  195;  Deutsch.  med.  Woch.,  1885, 
vol.  xi;  188(),  vol.  xii;  1SS7,  vol.  xiii.  Liitz,  Volkmann's  Sammlung,  1885.  Nos. 
255  and  256.  American  cases:  C\  W.  Stiles.  ''The  Significance  of  the  Recent 
American  Cases  of  Hookworm  Disease/'  Eigliteenth  Annual  Report  of  Bureau  of 
Animal  Indu.strv,  HK)!.  H.  F.  Harris,  Amer.  Med.,  Nov.  15,  1902,  p.  776.  A.  J. 
Smith,  Am.  Joilr.  Med.  Sei..  1<M)3.  vol.  exxvi.  ]).  7r>8.  C.  F.  Craig,  ibid.,  p.  798; 
C.  A.  Smith,  Jour.  Amer.  Med.  Assoc,  Aug.  27,  1904. 
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a  thin  stool,  as  after  a  purge.  It  is  then  merely  necessary  to  mount 
a  sma]l  drop  on  a  slide  and  to  examine  the  covered  specimen  with  a 
low  power;  a  Bausch  &  Lomb  J  is  quite  sufficient.  A  mental  picture 
of  the  size  of  the  eggs  should  be  made,  for  I  have  known  it  to  occur 
that  an  observer  saw  the  eggs,  but  did  not  recognize  them  as  such. 
Once  seen,  they  are  easily  recognized  again. 

To  hfliteh  the  eggs  artificially  Smith  recommends  to  mix  the  fecal 
materal  with  a  small  amount  of  soil  in  a  Petri  dish,  using  a  sufficient 
amount  of  water  for  the  purpose,  'ITiere  should  be  just  sufficient 
moLiture  to  keep  the  soil  damp.  If  there  is  too  much  the  cover  is 
left  off  for  an  hour  or  so.  Every  two  to  three  days  a  few  drops  of 
water  are  added  to  replenish  the  moisture.  Under  favorable  condi- 
tions in  this  respect  all  the  e^i  will  hatch  within  twenty-four  hours; 
otherwise  several  days  will  elapse.  In  such  cultures  the  larvw  will 
remain  alive  for  three  or  four  months  and  can  be  observed  with  a  § 
in  the  inverted  dish. 

TriehoceiduJiu  homiaiB,  Schwank:  ayn.,  Tricbocephalus  dispar 
(Rudolphi);  mastigodes  (Zeder);  trichuris  (Biittner).  This  parasite, 
which  belongs  to  the  family  Tricho- 
irachdides,  is  formed  like  a  whip, 
the  last  end  being  the  head  end, 
while  the  tail  end  Ls  very  much 
thicker.  The  male  measures  46 
mm.  and  the  female  50  mm.  in 
length.  The  eg^  are  brownish  in 
color,  measuring  0.05  by  0.06  mm. 
in  size,  and  present  a  doubly  con- 
toure«l  shell,  with  a  depression  at 
each  end,  closed  by  a  liil.  'ITie 
contents  are  coarsely  granular. 
The  organism  is  said  to  fw  the 
most  widely  distributed  intestinal 
parasite,  occurring  in  E\irope, 
North  America,  Asia,  Africa,  and 
Australia.  Its  habitat  is  the  cecum. 
The  living  worm  is  only  rarely 
found  in  the  feces'  (Fig.  104). 

Ttichina  spiralis,  Owen,  is  rarely 
foun<l  in  the  feces.  The  male 
measures  1.5  mm.  in  length,  and  is  provide<l  with  four  papillae 
between  the  conical  lips.  The  female  is  3  mm.  long.  The 
uterus  b  situated  nearer  the  heail  than  the  ovary,  which  opens  into 
it.  Fertilization  occurs  in  the  intestinal  canal.  The  eggs  develop 
into  embryos  in  the  ntcnis,  emerge  from  this,  and  ]»enetrate  the 

'  Enni,  Bertin.  klin.  Wocli.,  IJWfi,  \-ol.  xxiii,  p.  014. 


-TrlcboQepbaliM  ttiebluti!.  On 
i:  ou  the  rlgbl.  (biiwl«  with  the 
emliy  smbedded  In  tbe  mocoui 
r  the  InleaUne.    Balow.  egg. 
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intestinal  walls,  whence  thev  are  carried  by  the  hlood  cuirenl  to  ll 
oiusoles.     The  diagnosis  of  sporwlic  cases  lias  been  greatly  facilt- 
Slated  by  the  discovtry  of  Brown  that  easinophilia,  often   of  ! '  ' 
f  grade,  is  practically  of  constant  occurrence  during  tbe  acute  s 

of  the  disease.     In  doubtful  cases  a  small  jiiece  of  muscle  iLo) 
L  (biceps,  gastrocnemius)  may  be  excised  an«i  examined   for  youij 


Flo.  lUS.—Tricliiiia  spiraltB  in  iduhIf. 

trichinas.  With  tlie  naked  eye  the  cpls  apjwar  as  minute  little  wW 
specks.  The  wonns  can  lie  rendered  ea-sily  ('isihle  by  |>lficiiig  a  1 
of  the  tis.sue  in  glycerin  containing  5  per  cent,  of  acetic  acid;  after  a 
few  minutes  it  i.s  pressed  out  between  two  slides  and  examined  mrf 
a  low  power  (Fig.  105).  While  it  is  believed  that  trichinosis  is  l«i 
common  in  the  United  States  than  in  Germany,  there  can  be  i' 
doubt  that  It  is  not  nearly  as  rare  a.s  was  believeti.  Many  light  cas 
go  praclically  unrecognized.' 

StroDK7loides    intestinalia    (Ravay):    ayn..    ^\nguillula    intestinal 
(Bavay);     Angtiilhila     stercoralis     (Bavay);    RhalxlitiH     stercora' 
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(Bavay);  Leptodera  stercoralis  (Bavay,  Cobbold),  Leptodera  intes- 
tinalis  (Bavay,  Cobbold);  Strongyloides  intestinalis  (Bavay,  Grassi); 
Pseudorhabditis  stercoralis  (Bavay,  Perroncito) ;  Rhabdonema, 
strongyloides  (Leuckart);  Rhabdonema  intestinale  (Bavay,  Blan- 
chard). 

In  the  feces  of  patients  infested  with  the  parasite  in  question  the 
eggs  of  the  mother-wonn  are  only  rarely  found,  and  the  adult  worm 
itself  probably  never  appears  unless  an  anthelmintic  has  been  admin- 
istered and  active  catharsis  established.  Instead  we  find  embryos 
(rhabditic  form)  measuring  about  0.33  by  0.022  mm.  in  size.  If  the 
stools  are  kept,  uncovered,  at  a  temperature  of  about  37°  C,  their 
larvae  undergo  development  and  reach  full  growth  and  sexual  dif- 
ferentiation in  almost  five  days.  The  length  of  the  full-grown 
female  is  about  1  mm.;  its  breadth  about  0.04  mm.  The  body  is 
cylindrical,  slightly  diminishing  in  size  anteriorly  and  tapering  to 
a  sharp  point  posteriorly.  When  the  worm  retracts  forcibly,  slight 
transverse  furrows  may  be  seen.  The  mouth  possesses  dis- 
tinct lips  and  is  continuous  with  a  triangular  esophagus,  which 
beyond  a  constriction  dilates  again  into  a  second  ovoid  enlarge- 
ment. ITie  intestine  which  follows  ends  in  a  little  protrusion  on 
one  side  of  the  body  near  the  base  of  the  tail.  A  little  below  the 
middle  of  the  body,  and  on  the  ventral  side,  is  the  vulva,  which  leads 
to  the  uterus,  extending  from  the  intestinal  ventricle  to  a  point  near 
theranus.  Here  the  eggs  may  l)e  massed  in  varying  numbers.  Some- 
times the  young  have  actually  broken  the  shell  of  their  eggs  and  may 
be  seen  free  in  the  uterus;  but  more  commonly  the  ova,  on  deposition, 
contain  well-formed  motile  embryos  (filariform  brood).  The  male 
is  about  one-fifth  smaller  than  the  female.  The  testicle  ends  at  the 
base  of  the  tail,  in  two  small,  horn-like  spicules  with  tapering  ends, 
which  are  curved  inward.  These  spicules  contain  canals;  they  are 
of  equal  size  and  situated  symmetrically  on  a  transverse  plan.  The 
tail  is  coiled  in  the  same  direction  as  the  spicules,  and  is  half  as  long 
as  that  of  the  female. 

The  sexually  mature  and  diflFerentiated  forms  just  described  repre- 
sent the  AnguUlula  stercoralis  of  Bavay.  They  represent  an  inter- 
mediate generation,  developing  outside  of  the  body,  which  forms  a 
link  in  the  chain  of  development  of  the  mother-worm,  the  Anguil- 
Ivla  intestinalis  (Leuckart). 

Ordinarily  infection  takes  place  through  the  larvae  of  the  sexually 
diflFerentiated  form.  These  filariform  embryos  are  longer  than  the 
rhabditiform  brood  of  Anguillula  intestinalis  (Fig.  106).  They  are 
provided  with  a  cylindrical  esophagus  descending  down  to  about 
the  middle  of  the  body,  and  a  tail,  which,  instead  of  terminating  in  a 
fine  f)oint,  is  apparently  truncated  at  its  extremity.  On  maturation 
they  give  rise  to  the  Anguillula  intestinalis,  which  is  encountered 
throughout  the  upper  gastro-intestinal  tract,  especially  in  the  lower 
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part  of  the  duodenum  and  the  upper  part  of  the  jejunum,  though 
occasionally  they  have  also  been  found  throughout  the  entire  jeja- 
num  and  in  the  upper  part  of  the  ileum.  On  several  occasions  they 
have  been  found  in  the  stomach. 

Anguillula  intestinalis,  viz.,  the  parasitic  mother-worm,  is,  accord- 
ing  to   llovelli,    parthenogenetic,    while    Leuckart    expressed  the 
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Fhi.  ux'..  -Stroiijjrylui«i«<  embryo  irhaNlitiform  variety).   The  stool  contained  many  red  cells. 


opinion  tliat  it  mi^lit  Ix*  Iicrinapliroditic.  Its  length  is  about  2.20 
mm.,  and  its  avera<^'('  breadth  0.0.'^  mm.  The  body  ta[)ers  a  little 
anteriorlv,  and  ttTininatcs  ixxstcriorlv  in  a  conical  tail,  the  cxtremitvof 
which  is  ap])n'<iably  rounded  and  vwu  a  trifle  dilated.     The  mouth 
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koiit  bamy  armature,  and  shows  three  sniiiil  lips.     It  opens 
a  cylindrical  esophagus,  which   occii|>ies   about  one-fotirth  of 
»gth  of  the  animal,  and  shows  neither  swellings  nor  stnations. 
intestine  extends  nearly  to  the  posterior  extremity  of  the  body, 
3  almost  invisible  in  the  middle  part  owing  to  the  presence  of  1 
■ge,  elongated   ovary.     The  vulva   U   situated  in  tlie  posterior  1 
of  the  animal,  and  the  uterus  contains  usually  five  or  six  rather  J 
»ted  ova.     The  anus  is  situated  toward  the  base  of  the  tail,  f 


n   C.   fili>nf> 


eggs  are  of  a  yellowish-green  color,  rather  opaque,  and  apimr-  | 
finely   granular   (Bavay);   in   their  general   appearance   they  I 
(ible  those  of  the  uncinaria  (Fig.  107).  I 

hile  infection  originally  takes  place  through  the  filarifonn  larvte  I 
Dguilluta  stercoralis,  an  atito-infection  with  the  larvie  may  also  I 
r  without  the  inlerv-entioii  of  the  sexually  differentiated  forms,  1 
direcft  transformation  from  the  rhabditiform  cnibryo-s  of  the  ] 
inother-aninial,  and   there  is  evidence  to  -show  that  this  J 
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latter  cycle  is  indeed  more  common  There  is  no  evidence  to  show 
that  the  sexually  mature  intermediate  generation  ever  develops  in 
the  intestinal  tract  during  life. 

The  time  elapsing  between  infection  with  the  filariform  laiv» 
and  the  appearance  of  rhabditiform  embryos  in  the  stools  is  about 
seventeen  days. 

The  parasite  is  the  recognized  cause  of  the  so-called  Cochin-China 
diarrhea,  and  is  of  further  interest  from  its  resemblance  to  Ankv- 
lostoma  duodenale,  with  which  it  is  not  infrequently  found  asso- 
ciated. Excepting  in  very  rare  instances,  it  does  not  cause  intestinal 
ulceration,  and  it  is  sup{X)sed  that  the  injurious  effects  of  the  para- 
site are  purely  mechanical.  It  is  possible,  however,  that  these  may 
also  be  owing  to  the  irritating  action  of  its  excretory  products.  The 
clinical  manifestations  of  the  disease  are  mainly  those  of  a  chronic 
diarrhea  and  a  comparatively  mild  anemia.  There  are  usually  three 
or  four  pasty  stools  a  day. 

The  oi^anism  was  first  discovered  in  individuals  who  had  con- 
tracted severe  diarrhea  in  Cochin-China.  Grassi  and  Parona  later 
found  the  worm  in  Italy,  and  at  the  building  of  the  St.  Gothard 
tunnel  it  was  frequently  seen  in  association  with  the  ankylostoma. 
Thaver  was  the  first  to  find  it  in  the  United  States,  and  it  is  interest- 
ing  to  note  that  two  of  his  three  cases  must  have  become  infected  in 
either  Man^land  or  Virginia.  The  third  case  may  have  originated 
in  Austria;  in  it  the  anguillula  was  aSvSOciated  with  amebas  and  the 
^iVichonionas  intestinalis;  it  ended  fatally,  being  complicated  by  liver 
abscess.  Since  then  adclitional  cases  have  been  reported  in  the 
l^nittMl  States  l)y  ^Moore,  Price,  Lamar,  and  others. 

Other  cases  have  l)een  ()l)serve<l  in  Belgium,  Holland,  Martinique, 
Brazil,  Sicily,  the  Dutch  Indies,  Kgjpt,  (Germany,  Spain,  and  the 
Philippine  Islaiuls. 

I.iTKUATTKE.-  (Jriissi,  ( Vntrall)!.  f.  Bakt.  ii.  Parasit.,  1887,  vol.  ii,  p.  413.  Leich- 
ten>t(Tn,  Dcutscli.  mvd.  Woch.,  189S.  p.  118.  Perroncito,  Arch.  p.  1.  sci.  m^.. 
ISSl,  No.  2.  Coinpt.-ixmd.  de  VAviid.  des  sci.,  1882,  No.  1.  Teissier,  ibid.,  vol. 
cxxi,  p.  171.  l^avav,  il)id.,  187G.  vol.  Ixxxiii,  p.  694;  ibid.,  1877.  vol.  Ixxxiv.  p. 
2(>(>.  Nonnaiid.  il)id.,  187(3.  p.  310.  W.  S.  Thayer.  Jour,  of  Exper.  Med.,  1901, 
vol.  vi.  No.  1  (full  litcraturo  to  1901).  M.  L.  Price,  Jour.  Amer.  Med.  A>«oc.. 
Sept.  12,  1903  (Hteraturc  to  tlato  since  Thayer's  pajxir). 


Chemistry  of  the  Feces. 

Reaction. — The  reaction  of  the  f(»c(\s  is  nonnallv  usually  alkaline, 
sometiiiuvs  neutral,  rarely  acid,  the  alkalinity  being  due  to  ammoniaeal 
fennentation,  the  aciditv  to  lactic  and  hutvric  acid  fennentation. 

In  disease  also  the  reaction  of  the  stools  is  variable  and  of  but  little 
clinical  interest.  In  tv])hoid  fever  an  alkaline  reaction  is  so  constantly 
met  with  that  this  symptom  might  possibly  be  of  yalue  in  doubtful 
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cases.  It  may,  however,  also  be  neutral,  amphoteric,  or  even  acid. 
In  acute  infantile  diarrhea  an  acid  reaction  is  the  rule,  but  exceptions 
also  are  not  infrequent.  Normal  stools  of  sucklings  are  acid,  the 
d^ree  of  acidity,  according  to  Langstein,  corresponding  to  about 
2.1  to  3.7  per  cent,  of  normal  NaOH  for  100  grams  of  the  moist  feces. 
Oeneral  Composition. — The  following  table,  taken  from  Gautier, 
will  give  an  idea  of  the  composition  of  fresh  feces,  calculated  for 
1000  parts  by  weight: 

Adult  man.  Sucklins. 

Water 733.00  851.3 

SoUds 267.00  148.7 

Total  organic  material 208.75  137.1* 

Total  mineral  material 10.95*  13.6 

Alimentary  residue 83 .  00 

The  organic  material  yielded : 

Aqueous  extract 53.40  53.50 

Alcoholic  extract        41.65  8.20 

Ethereal  extract 30.70  17. 60* 

In  addition,  there  are  gases,  which  vary  in  quantity  according  to 
the  nature  of  the  food  ingested,  such  articles  as  beans,  bread,  pota- 
toes, etc.,  increasing  the  amount  very  considerably. 

Milk  diet.         Meat  diet.        Vegetable  diet. 
Per  cent.  Per  cent.  Per  cent. 

Carbon  dioxide 9-16  8-13  21-34 

Hydrogen 43-54  0.7-3  1.5-4 

Marsh  gas 0.09  26-37  44-55 

Nitrogen 30-38  45-64  10-19 

Of  these  gases,  carbon  dioxide  is  partly  referable  to  alcoholic  and 
butyric  acid  fermentation,  and  partly  to  albuminous  putrefaction. 
Marsh  gas  is  formed  during  the  fermentation  of  cellulose,  while  the 
nitrogen  has  partly  been  swallowed  and  is  partly  referable  to  albu- 
minous putrefaction.  A  portion  also  is  probably  derived  from  the 
blood,  and  it  may  be  mentioned  in  this  connection  that  the  enormous 
quantities  of  carbon  dioxide  so  often  discharged  in  cases  of  hysteria 
are  undoubtedly  referable  to  this  source,  the  gas  passing  from  the 
blood  through  the  gastro-intestinal  mucous  membrane  into  the  stomach 
and  intestines. 

In  order  to  give  a  general  idea  of  the  chemical  constituents  of 
the  feces  these  may  be  divided  into: 

1.  Food  material  which  could  be  assimilated,  such  as  starches, 
fats,  and  a  small  amount  of  non-assimilated 'albuminous  material. 

2.  Indigestible  substances,  such  as  chlorophyll,  gums,  pectic 
products,  resins,  various  coloring  matters,  nucleins,  chitin,  and 
insoluble  salts,*  viz.,  silicates,  sulphates,  earthy  phosphates,  ammonio- 
magnesium  phosphate,  etc. 

'  Including  54  parts  of  mucin,  epithelium,  and  calcareous  salts. 
*  Not  comprising  earthy  phosphates. 
'  Of  this  3.2  is  cnolesterin. 
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3.  Prodiicts  derived  from  the  digestive  caoaL  »  '"'■■^ |^B|^  i"*^ 
transformed  biliaij  acids,  dyslysin,  cholestnin,  koLn.       ^^^*  '  ^ 

4.  Substances  in  process  of  absorption,  ms  c^riiiMi^l 
aci<is,  leucin,  and  biliary  aci<ls. 

5.  Products  of  decomjmsition,  referable  to  micnl 
as  fatty  acicb,  comprising  the  entire  aeries  fnm  a 
acid,  the  latter  Iteing  especially  abundant;  lactic  aad.  ^ 
indol,  skatol,  excretin,  leucin,  and  tyrosin;  pbenvl-pnvia 
acetic,    bydn)[)anu<umarir,    and    parahydroxyl-fJi^vinic  I 
ammonium  carlM)nate,  and  ammonium  sulphide. 

6.  PrtHlucts  of  metabolism  eliminated  throu^  tfacioi 
uric  acid,  and  xiinthin  haiws.  _^— 

7.  Pi^rments:  stcrcobilin,  hematin,  hydrobilinilHn,  cotonii^^H^^ 
derive<l  from  the  blood,  and,  in  abnormal  cooditioiis,  ^^ff^^r 

8.  Water.  W,K 

9.  Gases,  as  carlion  dioxide,  marsh  gas,  hydroeen,  i 
It  is  impossible  to  give  here  a  detailed  descriptioa  of  Ae« 

chemical  constituents  which  have  been  mentioned.  Oif 
important  ones,  and  those  especially  interesting  from  a  p 
anil  pathological  .standixiint,  will  be  considered. 

Phenol,  £dol,  and  SkatoL — Phenol,  indol,  and  skatol  an  ft 
during  the  process  of  albuminous  putrefaction,  and  are  codsOb 
stituents  of  the  feces.  A  small  portion  is  absori>ed  from  the  im 
canal,  and  ap{>enrH  in  the  urine  in  combination  with  sut{Ainie  tA  1 
and  to  a  sliglit  extent  also  with  glucuronic  acid.  Preriouafy,  hovcRt  1 
the  indol  an<l  skatol  arc  oxidized  to  indoxyl  and  skato:^-!,  i 
(see  Urine). 

To  dcmiMiBtnitc  the  presence  of  phenol,  indol,  and  skatol  in  At   ' 
feces,  we  may  pnx-rcd  ii.s  follows: 

The  feces  arc  diluttil  witli  water,  acidified  with  phosphoric  acid, 
and  distille*!.  Volatile  fatly  iiciils,  together  with  phenol,  indol. 
ami  skatol,  piLSS  over.  Ttic  distillate  is  neutralized  with  sodium 
carlwnate  and  a^aiti  distilled.  During  this  process  phenol,  indol, 
and  .skatol  piuss  over,  llie  falty  acids  remaining  behind  as  sodium 
salts.  In  order  to  sepanilo  plieiinl  from  indol  and  skatol,  the  distil- 
late is  alkalini/.ei]  with  potassium  hydrate  and  again  distilled.  The 
phenol  now  remains  heliinil,  and  may  \>e  obtained  in  pure  form  by 
distilling  witii  .snl|ihuri('  acid;  in  this  final  distillate  its  presence  ma; 
be  demonstniled  by  tlie  foJiowinf;  reactions: 

1.  With  ferrir'  cliloride  i>iH-no]  yields  an  amethyst-blue  color. 

2.  With  bromine- water  a  crystalline  precipitate  of  tribromophenol 
is  obtained. 

3.  Treated  with  Millon's  n-ngent — i.  e.,  the  acid  mercuric  nitrate— 
a  red  color  develops. 

Indol  and  skatol  pass  over  after  treating  the  above  mixture  of 
the  three  with  potassium  bvdnite  and  distilling.     These  two  bodies 
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n  be  separated  from  each  other  by  taking  advantage  of  their 
t  d^rees  of  solubility  in  water/ - 

[  forms  small  plates,  inelting  at  62*^  C,  which  are  easily  soluble 

water,  alcohol,  and  ether;  its  odor  is  feculent. 

^onsof  indol:  (1)  When  treated  with  nitric  acid  and  a  little 

t  nitrite  a  crystalline  red  precipitate  of  the  nitrate  of  nitroso- 

is  obtained.     (2)  A  small  piece  of  pine  wood  moistened  with 

:5oholic  solution  of  indol  acidified  with  hydrochloric  acid  is 

^  a  cheny  red.     (3)  A  small  amount  of  an  aqueous  solution  of 

is  shaken  with  a  few  drops  of  Ehrlich's  dimethyl-amino-ben- 

liyde  solution  (which  see).     A  cherry-red  color  develops  either  at 

or  upon  the  application  of  heat. 

ccto/  crystallizes  in  plates  which  melt  at  95*^  C.    They  are  soluble 

i  more  difficulty  in  water  than  indol,  and  emit  a  feculent  odor. 

Reactions  of  skatol:  (1)  With  nitric  acid  and  sodium  nitrite  only 

Hilky  cloudiness  results.     (2)  Pure  skatol  does  not  color  pine  wood 

dstened  with  hydrochloric  acid;  but  if  a  bit  of  the  wood  is  satu- 

ited  with  a  dilute  alcoholic  solution  of  skatol  and  then  immersed 

1  strong  hydrochloric  acid,  it  assumes  a  cherry-red  and  later  a 

luish-violet  color.    (3)  With  nitric  acid  of  a  specific  gravity  of  1.2 

i  gives  a  marked  xanthoproteic  reaction  on  boiling — i.  e.j  a  yellow 

jolor  which  turns  to  orange  upon  the  addition  of  an  excess  of  ammonia. 

Whenever  there  is  increased  intestinal  putrefaction  the  fatty  acids, 

phenol,  indol,  and  skatol,  will,  of  course,  be  found  in  increased 

unounts.' 

Fatty  Adds. — The  fatty  acids  which  may  be  found  in  the  feces 
ire  the  following: 

Formic  acid   ....  H.COOH  =  C  H,  O, 

Acetic  acid  ...  CH,.COOH  «  C,  H4  O, 

.  Propionic  acid     .      .      .   CH,.CH,.CX)OH  -=  G,  H.  O, 

Butyric  acid  ...      .  CH,.(CH,),.COOH  =  G4  Hg  O, 

Isobutyric  acid    .     .     .  (CH,),.CH.COOH  «  C4  Hg  O, 

Valerianic  acid    .      .     .  CH,.(CH,),.COOH  «  C5  H,oO, 

Caproic  acid  ...     .  CH,.(CH,)4.CX)OH  «  Q  H„0, 

Capric  acid     ....  CH3.(CH,)8.COOH  =  C,oH»0, 

Palmitic  acid       ...  CH,.(CH,),4.C00H  =  C,eH„0, 

Stearic  acid    ....  CH,.(CH,),e.COOH  =  C,„H3,0, 

These  acids  are  derived  partly  from  fats,  partly  from  carbohydrates, 
and  to  some  extent  also  from  proteins. 

Gliolesterin. — Cholesterin  {C^^fi)  occurs  in  small  amounts  in 
almost  all  animal  fluids.  It  is  found  also  in  various  tissues  of  the 
body,  especially  in  the  brain.  Its  origin  and  mode  of  formation  in 
the  various  organs  of  the  body,  as  well  as  the  cause  of  its  presence 
in  the  alimentaiy  canal,  are  as  yet  unknown.  It  crystallizes  in 
colorless,  transparent  plates,  the  margins  and  angles  of  which  usually 

*  C.  E.  Simon,  Physiological  Chemistry,  Lea  Bros.  &  Co. 
'Ibid 
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present  a  ragged  appearance.  (See  Fig.  75,  page  272.)  It  is  pn«j- 
tically  insoluble  in  water,  dilute  acids,  and  alkalies.  In  boiling 
alcohol  it  is  readily  soluble  and  crystallizes  out  from  this  solution  oo 
cooling;  it  is  likewise  easily  soluble  in  ether,  chloroform,  and  benzoL 

Tests  for  cholesterin:  I.  Under  the  microscope  add  a  drop  rf 
concentrated  sulphuric  acid  to  some  of  the  crystab;  they  gnduilh 
disappear,  the  edges  assuming  a  yellowish-red  color. 

2.  Dissolve  a  few  crystals  in  chloroform,  add  concentrated  sul- 
phuric acid,  and  shake  the  mixture:  the  chloroform  assumes  a  blood- 
reil  to  a  purplish-red  color,  while  the  sulphuric  acid  at  the  same  time 
shows  marked  fluorescence. 

The  Biliary  Acids. — The  biliary  acids  found  in  the  feces  are: 
glycocholic  acid  (C^^jH^NO^),  taurocholic  acid  (C^H^NSO,),  and 
cholalic  acid  (C34H40O5). 

The  two  former  occur  normally  in  the  bile,  and  can  be  decomposed 
into  cholalic  acid  and  glycocoU,  and  cholalic  acid  and  taurin,  respect- 
ively;  as  this  process  of  decomposition  takes  placeordinarily  in  the  intes- 
tines, the  third  acid — i,  e,,  cholalic  acid — is  always  found  in  the  feces. 

In  order  to  demonstrate  the  biliaiy  acids,  the  fatty  acids,  phenols, 
indol,  and  skatol  are  first  removed  by  distillation  with  phosphoric 
acid.  1'he  residue  is  taken  up  with  water  and  boiled,  and  the  filtered 
liquid  precipitated  with  lead  ac»etate  and  a  little  ammonium  hydrate. 
The  biliary  salts  of  lead  are  contained  in  the  precipitate,  from  which 
they  can  be  remove<I  by  washing  with  water  and  finally  boiling  the 
precipitate  with  alcohol.  The  washings  are  filtered  and  the  lead  salts 
transformed  into  sodium  salts  by  treating  the  filtrates  ^nth  sodium 
carl)()nate.  After  further  filtration  the  filtrate  is  evaporated  to  dry- 
ness and  the  residue  extracted  without  alcohol.  Upon  evapora- 
tion the  salts  of  the  acids  sometimes  crj^stallize  out  as  such,  while 
more  often  a  dirty  amorphous  precipitate  is  obtained,  which  may  be 
rendered  cnstalline  l>y  treating  with  ether.  The  amorphous  residue, 
however,  can  l)e  em  ploy  e<  I  for  making  the  necessary  tests. 

Pettenkofer's  Test. — A  small  amount  of  the  substance  is  dissolved 
in  water  and  treate<l  with  two-thirds  its  volume  of  concentrated 
sulphuric  acid,  care  being  taken  that  the  temperature  does  not  exceed 
00°  or  70°  C.  While  stirring,  a  10  per  cent,  solution  of  cane  sugar 
is  added  drop  by  drop.  If  biliary-  acids  are  present,  the  solution 
assumes  a  beautiful  red  color,  which  on  standing  turns  a  bluish  violet. 
This  test  depends  upon  the  action  of  furfurol,  derived  from  the  sul- 
phuric acid  and  cane  sugar,  upon  the  biliary  acids. 

Pigments. — The  j)rincij)al  pigment  of  normal  feces  is  termed 
stercobilin,  and  was  first  isolated  from  this  source  by  Vanlair  and 
Masius.^  Owing  to  its  great  similarity  to  hydrobilirubin,  it  has  even 
been  regarded  as  identical  with  it,  but  Garrod  and  Hopkins'  have 

*  Contrail)!,  f.  d.  mod.  Wiss..  1871,  vol.  ix,  p.  369. 

^  On  Urobilin,  Jour,  of  IMiysioL,  1S98,  vol.  xxii,  p.  451. 
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conclusively  shown  that  whereas  the  urobilin  of  the  urine  and  the 
stercobilin  of  the  feces  are  identical  in  composition,  as  also  in 
properties,  they  differ  conspicuously  from  hydrobilirubin,  and  espe- 
cially in  the  much  smaller  percentage  of  nitrogen  which  they  con- 
tain, viz.,  4.11,  as  compared  with  9.22  per  cent.  It  is  derived  from 
bilirubin,  and  formed  in  the  upper  regions  of  the  large  intestine 
more  especially,  as  the  result  of  bacterial  activity.^  This  explains 
the  observations  that  as  a  rule  the  meconium  and  the  solid  excreta 
of  the  first  day  or  two  of  life  contain  no  urobilin,  and  that  the  pigment 
also  disappears,  when  for  any  reason  the  bile  is  prevented  from 
entering  the  intestinal  canal. 

To  isolate  the  pigment  from  the  feces,  the  material  is  first  extracted 
with  alcohol.  The  alcoholic  extract  is  evaporated  to  dryness,  the 
residue  is  extracted  with  water,  the  aqueous  solution  acidified  with 
sulphuric  acid  and  saturated  with  ammonium  sulphate,  when  on 
shaking  with  chloroform  or  a  mixture  of  chloroform  and  ether  the 
pigment  is  taken  up  by  the  organic  solvent. 

The  free  pigment  is  a  brown,  amorphous  substance  of  a  character- 
istic odor,  and  melts  at  a  temperature  below  100°  C.  On  cooling, 
it  forms  a  brittle,  shellac-like  material,  which  is  said  to  be  quite  char- 
acteristic. It  is  soluble  in  ether,  chloroform,  water,  and  amyl  alcohol. 
On  treating  its  solutions  with  zinc  chloride  and  ammonia  a  beautiful 
green  fluorescence  is  obtained.  Such  solutions  then  show  three  bands 
of  absorption,  of  which  the  one  between  C  and  F  is  the  most  char- 
acteristic.    (See  also  Urinaiy  Urobilin.) 

Test  for  stercobilin :  A  small  amount  of  feces  is  stirred  up  in  water 
and  a  few  c.c.  of  the  resultant  mixture  treated  with  an  equal  amoimt 
of  a  saturated  aqueous  solution  of  bichloride  of  mercury.  A  normal 
stool,  owing  to  the  presence  of  stercobilin,  then  turns  a  pinkish  red, 
which  is  the  more  marked  the  fresher  the  material.  A  green  color  is 
abnormal  and  denotes  the  presence  of  bile  pigment. 

Bile  Pigment  is  normally  absent  from  the  feces.  It  occurs  in 
large  amounts  in  catarrhal  conditions  of  the  small  intestine,  and  may 
be  demonstrated  by  Gmelin's  method,  viz.,  a  drop  of  the  filtered 
liquid,  or  a  particle  of  the  colored  fecal  matter,  is  brought  into  con- 
tact with  a  drop  of  fuming  nitric  acid,  when  the  yellow  color  will 
be  seen  to  pass  through  the  various  shades  of  the  spectrum,  the 
green  shade  being  the  most  characteristic.  At  times,  however,  it  is 
not  possible  to  obtain  a  positive  reaction  in  this  manner,  although 
bile  pigment  is  present.  In  such  cases  the  examination  should  be 
conducted  under  the  microscope,  and  attention  directed  to  bile-stained 
epithelial  cells,  leukocytes,  particles  of  mucus,  and  crystals. 

*  A.  Schmidt,  Verhandl.  d.  XIII.  Congresses  f.  inn.  Med.,  1895,  p.  320.  Vaughan 
Harley,  Brit.  Med.  Jour.,  1896,  vol.  ii,  p.  898.  Macfadyen,  Nencki,  and  Sieber, 
Arch.  f.  exper.  Path.  u.  Pharmakol.,  1891,  vol.  xxviii,  p.  311. 
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Hematoporphyrin,  to  judge  from  the  investigations  of  Stokvis^ 
and  Garrod,*  is  likewise  a  normal  component  of  the  feces,  but  occuis 
only  in  traces:  Garrod  states  that  with  SailletV  method,  the  baas 
of  which  is  extraction  with  acetic  ether,  after  the  addition  of  acetic 
acid,  he  invariably  found  traces,  comparable  with  those  which  nor- 
mally are  present  in  the  urine.  He  also  states  that  he  found  con- 
siderably larger  amounts  of  the  pigment  in  the  meconium,  both  in 
that  expelled  during  the  first  day  or  two  of  life,  and  in  that  removed 
from  the  intestines  of  stillborn  infants. 

The  presence  of  these  normal  traces  has  been  referred  by  some  to 
the]5ngested  blood-coloring  matter  of  red  meat  and  vegetable  chloro- 
phyll. Garrod,  however,  finds  that  the  hematoporphyrin  does  not 
disappear  when  these  articles  of  diet  are  withdrawn,  and  while 
admitting  that  the  ingested  hemoglobin  and  chlorophyll  may  possi- 
bly be  converted,  in  part  at  least,  into  hematoporphyrin,  he  concludes 
that  the  greater  portion  is  derived  from  endogenic  sources.  On  the 
whole,  the  evidence  seems  now  in  favor  of  the  view  that  the  hemato- 
porphyrin which  is  found  both  in  the  urine  and  in  the  feces  originates 
within  the  liver,  and  is  eliminated  into  the  intestinal  canal  in  the 
bile.     (See  also  Hematoporphyrinuria.) 

Purin  Bodies. — The  purin  bases  of  the  feces  are  derived  from  the 
nuclei  of  desquamated  epithelial  cells,  from  the  nudeoproteids  of 
bacteria  and  leukocytes,  from  the  secretions  of  the  intestinal  glands 
and  the  pancreas,  and  from  the  ingested  food.  The  normal  quantity 
according  to  Schittenhelm*  varies  between  0.1109  and  0.1669  purin 
nitrogen.  When  excessive  amounts  of  meat,  thymus  gland,  orguanin 
are  added  to  the  diet  a  large  proportion  of  the  purin  nitrogen  is  elimi- 
nated in  the  feces  in  the  next  twenty-four  hours.  In  diarrhea  the 
fei*al  purins  are  increased. 

Guanin,  adenin,  xanthin,  and  hypoxanthin  are  all  represented,  the 
first  two  prevailing. 

Mucin. — According  to  Hoppe-vSeyler,  mucin  Is  a  constant  con- 
stituent of  the  feces,  l)oth  under  physiological  and  pathological 
conditions.  Nonnally,  however,  it  is  never  possible  to  recognize  its 
presence  either  with  the  naked  eye  or  with  the  microscope.  A  satis- 
fying test  for  tlie  rapid  demonstration  of  mucin  in  the  feces  does  not 
exist.  I'he  old  test  of  Hoppe-Seyler  indicates  nucleo-albumin,  but 
not  true  mucin.  To  this  end  the  feces  are  digested  with  water  and 
treated  with  an  equal  volume  of  milk  of  lime;  the  mLxture  is  allowed 
to  stand  for  several  hours,  when  it  is  filtered  and  the  filtrate  tested 
with  acetic  acid.  In  the  presence  of  nucleo-albumin  a  cloud  develops 
upon  addition  of  the  acid. 

*  Nederl.  Xatuur-im  Genoeskuii<lip  (^oii^rcs,  1899,  p.  378. 

'  "The  I'rinarv  Pip:inents  in  their  Pathological  Aspects,"  Lancet,  Nov.  10, 1900. 
'  Rev.  de  iTK^'d.,  lS9(i,  vol,  xvi    p.  r)42. 

*  Zeit.  f.  phvsiol.  (iiem.  1903, 'vol.  xxxix,  p.  199.     Walker  Hall,  Jour.  Pathol, 
and  Bact.,  March^  1<K)1^  p,  :?4(>. 
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Albumin  is  demonstrated  in  the  feces  by  treating  repeatedly  with 
water  slightly  acidified  with  acetic  acid.  The  filtrate  is  then  examined 
for  albumin  according  to  methods  given  elsewhere  (see. Urine).  Under 
normal  conditions  these  reactions  prove  negative.  Pathologically,  serum 
albumin  has  been  observed  in  cases  of  typhoid  fever  and  chlorosis. 

Albmnoses  are  normally  absent  from  the  feces.  They  have  bc^en 
observed  in  typhoid  fever,  dysentery,  tuberculous  ulceration,  purulent 
peritonitb  with  perforation  into  the  gut,  atrophic  cirrhosis,  and  carci- 
noma of  the  liver.     Acholic  stools  are  also  usually  rich  in  peptones. 

The  albumoses  are  demonstrated  in  the  following  manner:  the 
feces  are  digested  with  water,  so  as  to  form  a  thin  mush;  they  are 
then  boiled,  filtered  while  hot,  and  the  filtrate  examined  for  albumin, 
so  as  to  be  sure  that  all  of  this  has  been  removed.  The  mucin  is 
removed  by  treating  with  lead  acetate,  when  the  filtrate  is  examined 
for  albumoses  as  described  in  the  chapter  on  Gastric  Contents. 

Carbohydrates. — Of  the  carbohydrates,  starch,  glucose,  and  certain 
gums  may  be  found.  In  order  to  demonstrate  these  the  feces  are 
boiled  with  water,  filtered,  and  evaporated  to  a  small  volume.  This 
solution  may  now  be  tested  with  phenylhydrazin  or  Trommer's 
reagent  for  glucose  (see  Urine),  and  with  a  solution  of  iodopotassic 
iodide  for  starch  (see  Saliva). 

In  normal  breast-fed  infants  sugar  is  only  demonstrable  in  traces 
in  the  stools.  Langstein*  finds  that  the  presence  of  more  than  traces 
of  glucose  in  the  stools  of  milk-fed  infants  may  be  regarded  as  a 
diagnostic  symptom  of  a  catarrhal  process  in  the  duodenum. 

Ptomams. — Of  ptomains,  only  two  have  been  isolated  from  the 
feces,  viz.,  putrescin  and  cadaverin.  They  have  been  found  in  Asiatic 
cholera,  in  cholerina,  dysentery,  and  in  connection  with  cystinuria. 
In  cholera  and  cystinuria  their  amount  may  be  quite  large.  Baumann 
and  V.  Udranszky  obtained  0.5  gram  of  the  benzoylated  compounds 
from  the  collected  feces  of  twenty-four  hours.  Such  findings  are 
exceptional,  however;  more  often  the  result  is  negative  or  traces  only 
are  found;  such  has  been  my  own  experience  and  that  of  others. 
(See  Ptomains  in  the  Urine.)  In  cholera  the  cadaverin  seems  to  pre- 
dominate, while  in  cystinuria  more  putrescin  is  found. 

To  isolate  the  diamins  in  question,  the  feces  are  digested  with 
alcohol  which  has  been  acidified  with  sulphuric  acid.  The  alcoholic 
extract  is  evaporated,  the  residue  dissolved  in  water,  and  further 
benzoylated,  as  described  in  the  section  on  Urine. 

« 

MEOONITTM. 

By  meconium  are  meant  those  masses  which  are  first  excreted  from 
the  bowel  after  birth.     It  is  a  thick,  tenacious,  greenish-brown  mate- 

*  Jahresb.  f.  Kinderheilk.,  vol.  vi,  Heft  3, 


t 


324  THE  FECES 

rial  which  has  accumulated  during  the  intra-uterine  life  of  the  infant 
Microscopically,  a  few  cylindrical  epithelial  cells,  a  few  fat  droplets, 
numerous  cholesterin  crystals,  bilirubin  crystals,  and  lanugo  hairs 
are  found. 

Microorganisms  are  absent,  but  soon  after  suckling  has  com- 
menced they  appear  in  abundance.  The  most  important  of  those 
which  are  then  constantly  present  are  the  Bacillus  lactis  aerogenes, 
which  predominates  in  the  small  intestine,  and  the  Bacillus  coli 
communis,  which  is  found  more  particularly  in  the  large  intestine. 
Both  have  already  been  described.  In  addition  to  these,  the  Proteus 
vulgaris.  Streptococcus  coli  brevis.  Micrococcus  ovalis,  tetragencoccus, 
Saccharomyces  cerevisiae,  Saccharomyces  rubra,  andafewlessimpo^ 
tant  microorganisms  have  been  found. 

Chemically,  meconium  contains  bilirubin  in  considerable  amount 
(recognizable  by  Gmelin's  reaction),  biliary  acids,  fatty  acids,  chlo- 
rides, sulphates,  phosphates  of  the  alkalies,  and  their  earths.  It 
does  not  contain  urobilin,  glycogen,  albumoses,  lactic  acid,  tyrosin, 
or  leucin. 

An  idea  may  .be  formed  of  its  composition  from  the  foUoiiring 
analysis  of  Zweifel:^ 

Water 79.8-^.5  per  cent. 

SoUds 19.5-20.2 

Mineral  matter 0.978  " 

Cholesterin 0.797  " 

Fats 0.772 

»  Hellstrom,  Arch.  f.  Gyn-ik.,  1901,  vol.  Ixiii,  Heft  3. 


CHAPTER  V. 
THE  NASAL  SECRETION. 

In  the  nasal  secretion,  which  nonnally  is  small  in  amount,  trans- 
parent, colorless,  odorless,  tenacious,  and  of  a  slightly  saline  taste, 
pavement-epithelial  cells  in  large  numbers,  ciliated  epithelial  cells,  as 
well  as  some  leukocytes  and  an  enormous  number  of  microorganisms, 
are  found.     Its  reaction  is  alkaline. 

In  acute  coryza  the  amount  is  diminished  at  first,  but  soon  a  very 
copious  secretion  occurs,  which  contains  numerous  epithelial  cells 
and  microorganisms.  When  complicated  with  an  ulcerative  condi- 
tion pus  is  observed  in  considerable  amount. 

Occasionally,  as  in'  cases  of  traumatism,  cerebral  tumors,  etc., 
cerebrospinal  fluid  is  discharged  through  the  nose,  and  may  be 
recognized  by  the  fact  that  it  is  free  from  albumin  and  contains  a 
substance  which  reduces  Fehling's  solution. 

Of  pathogenic  organisms,  the  tubercle  bacillus  and  the  bacillus  of 
glanders  may  occur  in  ulcerative  diseases  of  the  nose,  their  presence 
indicating  the  existence  of  the  corresponding  affection.  In  ozena  a 
large  diplococcus  has  been  described  by  Lowenberg,  which  is  said  to 
be  characteristic  of  the  disease.  Oidium  albicans  has  been  observed 
in  rare  cases.  The  Meningococcus  intracellularis  of  Weichselbaum, 
which  is  now  regarded  as  the  cause  of  epidemic  cerebrospinal 
meningitis,  has  also  been  demonstrated  in  the  nasal  secretion  of 
healthy  individuals.  In  ordinary  cases  of  coryza  the  Micrococcus 
catarrhalis  is  frequently  found. 

Ascarides  and  other  entozoa  have  also  been  found. 

Charcot-Leyden  crystals  have  been  observed  in  the  nasal  secretion 
in  cases  of  bronchial  asthma  and  in  connection  with  nasal  polpyi. 
Their  presence  is  usually  accompanied  by  the  simultaneous  occur- 
rence of  large  numbers  of  eosinophilic  leukocytes. 

LrrERATURB. — Reimann,  Baumgarten's  Jahresber.,  1888,  vol.  iii,  p.  417, 
Lowenberg,  Deutsch.  med.  Woch.,  1885,  vol.  xi,  p.  6,  and  1886,  vol.  xii,  p.  446. 
Tost,  ibid.,  p.  161.  Gerber  u.  Podack,  Deutsch.  Arch.  f.  klin.  Med.,  1895,  vol. 
liv,  p.  262.  Levden,  Deutsch.  med.  Woch.,  1891,  vol.  xvii,  p.  1085.  Sticker, 
Zeit.  f.  klin.  Mei.,  1888,  vol,  xiv,  p.  81.  Nothnagel,  Wien.  med.  Blatter,  1888, 
Nos.  6,  7,  8. 


CHAPTER   VI. 

THE  SPUTUM. 
GENSBAL   TEOHNIQUE. 

The  sputum  should  be  collected  in  receptacles  so  constructed  as 
to  peimit  of  their  complete  and  easy  disinfection.  The  paper  spit- 
cups  which  are  figured  in  the  accompanying  illustrations  (tigs.  108 
and  109)  are  admirably  adapted  for  this  purpose,  as  they  may  be 
destroyed  immediately  after  use. 

When  vx/rking  vjith  sputa  which  are  known  or  mi^pected  lo  be  of 
tuhercidous  origin,  the  greatest  care  shoitld  be  exercised  to  keep  the  exprc- 
torationfrom  drying  and  becoming  disseminated  in  the  air.  Negiigenu 
in  this  respect  may  result  in  the  most  serious  consetpxences. 

The  macroscopic  examination  of  sputa  is  most  conveniently 
carried  out  by  placing  small  portions  of  the  material  upon  a  plate  of 


^ 


oriiimn  window  glass  of  siiital>Ie  si/e,  which  has  been  paintetl  black 
upon  itt>  lower  surf  ice  and  covering  the  same  with  a  second,  smaller 
plate  If  it  IS  dtsired  to  examine  individual  constituents  which 
have  been  disto^ered  in  this  miiniier,  the  upper  plate  is  slid  off  until 
the  partiile  in  question  is  inic{»vere(i,  when  it  may  be  removed  to  a 
microstopit  slide  unii  eviiinined  under  a  higher  power. 

It  IS  also  ier\  tomenient  tii  have  a  portion  of  the  laboratory 
table  pamtetl  bkiik  v,\w\\  unstaine<l  plates  of  glass  may  be  utilized. 
If  these  measure  about  K)  by  15  nn.  and  10  by  10  cm.,  respectively, 
fairlj  large  ijuantitits  of  sputa  may  be  examined  in  situ  with  a  low 
power. 
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GENERAL  0HARA0TEBI8TI08  OF  SPUTA. 

Amount. — ^The  amount  of  sputum  expectorated  in  the  twenty- 
four  hours  varies  within  wide  limits,  depending  largely  upon  the 
nature  of  the  disease.  Thus,  only  a  few  cubic  centimeters  may 
be  eliminated,  or  the  amount  may  reach  600  to  1000  c.c,  and  even 
more.  Very  large  quantities  are  expectorated  in  cases  of  pulmonaiy 
hemorrhage  and  edema  of  the  lungs,  sometimes  following  thoracen- 
tesis, also  following  perforation  of  accumulations  of  pus  from  the 
thoracic  or  abdominal  cavities  into  the  respiratory  passages;  further- 
more, in  cases  in  which  large  vomicae  of  tuberculous  or  gangrenous 
origin  exist,  and  finally  in  cases  of  abscess  of  the  lung,  bronchiectasis, 
and  even  in  simple  bronchial  blennorrhea.  In  incipient  phthisis, 
acute  bronchitis,  and  in  the  first  and  second  stages  of  pneumonia, 
on  the  other  hand,  the  amount  is  usually  small. 

In  private  practice,  as  well  as  in  hospital  work,  an  idea  should 
always  be  formed  of  the  amount  expectorated  in  the  twenty-four 
hours,  especially  in  cases  in  which  this  is  abundant.  It  is  apparent 
that  a  copious  and  long-continued  expectoration  cannot  continue 
without  exerting  very  detrimental  effects  upon  the  patient's  general 
nutrition;  in  cases  of  pulmonary  phthisis,  for  example,  Renk  has 
shown  that  3.8  per  cent,  of  all  nitibgen  eliminated  in  such  cases  is 
removed  in  this  manner.  Lenz  in  his  experiments  found  even  6 
per  cent. 

Consistence. — The  consistence  of  the  sputum  corresponds,  in  a 
general  way  at  least,  to  its  amount,  and  may  vary  from  a  liquid  to 
a  highly  tenacious  state.  The  cause  of  the  tenacity  of  the  sputum 
is  but  imperfectly  understood.  Mucin  does  not  appear  to  be  the 
most  important  factor,  as  this  occurs  in  diminished  amount  in  pneu- 
monic sputa,  which  are  noted  for  their  high  degree  of  tenacity. 
KosseU  has  suggested  that  the  phenomenon  may  be  due  to  the  pres- 
ence of  nucleins  or  nuclein  derivatives,  while  others  refer  it  to  the 
presence  of  abnormal  albuminous  bodies  of  unknown  character. 
However  this  may  be,  sputa  are  not  infrequently  seen  where  it  is 
possible  to  invert  the  cup  without  losing  a  drop  of  its  contents.  This 
is  observed  especially  in  cases  of  acute  croupous  pneumonia  up  to  the 
time  of  the  crisis,  providing  that  a  catarrh  of  the  bronchi  does  not 
exist  at  the  same  time.  It  is  noted,  furthermore,  immediately  after 
an  attack  of  acute  bronchial  asthma,  and  also  in  the  intial  stage  of 
acute  bronchitis.  In  cases  of  edema  of  the  lungs,  on  the  other  hand, 
the  sputa  are  liquid  and  present  the  general  characteristics  of  biood 
serum,  being  covered,  like  all  albuminous  liquids  when  brought  into 
contact  with  the  air,  by  a  frothy  surface  layer.    The  sputa  observed 

*  Zeit.  f.  klin.  Med,  1888,  vol.  xiii,  p.  152. 
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in  cases  of  acute  pulmonary  gangrene,  pulmonary  abscess,  putrid 
bronchitis,  and  following  perforation  into  the  lungs  of  an  empyema 
or  an  accumulation  of  pus  situated  beneath  the  diaphragm,  are  fluid 
and  consist  of  pure  pus. 

Color. — ^The  color  of  the  sputa  may  vary  greatly.  They  may  be 
perfectly  clear  and  transparent,  gray,  yellow,  green,  red,  brown,  and 
even  black.  Purely  mucoid  expectoration  is  almost  transparent  and 
colorless,  as  is  also  the  sputum  of  pulmonary  edema  when  not  mixed 
with  blood  or  pus. 

The  larger  the  number  of  leukocytes  the  more  opaque  does  the 
sputum  become,  assuming  at  first  a  white,  then  a  yellow,  and  finally 
a  greenish  color,  the  latter  being  usually  indicative  of  the  presence 
of  pus.  The  green  color,  however,  may  be  due  to  other  causes. 
Green  sputa  may  thus  be  observed  when  bile  pigment  has  become 
admixed  with  the  sputa,  as  in  cases  of  liver  abscess  perforating  into 
the  lung,  or  in  cases  of  jaundice,  and  especially  in  pneumonia  during 
lysis,  in  pneumonia  ending  in  abscess,  and  in  subacute,  caseous  pneu- 
monia. The  same  is  seen  in  pulmonary  chloroma  and  may  also 
occur  in  pulmonary  carcinoma.  In  cases  of  amebic  liver  abscess 
with  perforation  into  the  lung  the  sputa  usually  present  a  color 
resembling  anchovy  sauce,  which  is  very  characteristic* 

The  inhalation  of  particles  of  carbon  gives  the  sputum  a  grayish 
or  even  a  black  color;  the  same  or  an  ochre-yellow  or  red  color  b 
observed  in  cases  of  siderosLs  due  to  oxide  of  iron.  Blue  sputa  are 
seen  in  workers  with  blue  dyes  (methylene  blue,  ultramarine),  etc. 

A  red  color  is  usually  indicative  of  the  presence  of  bloody  the  shade 
depending  upon  the  character  of  the  disease.  It  is  seen  especially 
after  the  formation  of  cavities,  in  caseous  pneumonia,  in  incipient 
phthisis,  heart  disease,  etc.  The  shade  will  further  depend  upon  the 
length  of  time  that  the  blood,  no  matter  what  its  origin  may  be,  has 
remained  in  the  lungs.  In  pulmonary  gangrene  a  dirty,  brownish- 
red  color  is  observed,  owing  to  the  j)resence  of  methemoglobin,  and, 
to  some  extent  also,  of  hematin.  Quite  characteristic  is  the  chocolate 
color  which  is  observed  when  a  croupous  pneumonia  terminates  in 
necrosis  and  gangrene.  E(jually  characteristic  is  the  rusty  and  prune- 
colored  expectoration  seen  in  ordinarj'  cases  of  pneumonia.  Occasion- 
ally a  breadcrust  brown  is  observed  in  cases  of  gangrene  and  abscess 
of  the  lung,  the  color  being  due  to  the  presence  of  hematoidin  or 
bilirubin.  A  light-hrown  color  may  be  seen  in  cases  of  chronic  passive 
congestion,  as  in  mitral  disease. 

Odor. — Most  sputa  are  odorless.  Under  certiiin  conditions,  how- 
ever, there  may  be  a  marked  odor.  In  cases  of  pulmonary  gangrene 
or  putrid  bronchitis  the  stench  is  frightful.  A  somewhat  similar, 
slightly  sweetish  odor  is  observed  in  certain  cases  in  which  putre- 

*  See  C.  E.  Simon,  Johns  Hopkins  Hosp.  Hull.,  November,  1890. 
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factive  organisms  have  entered  the  lungs,  and  there  exert  their  action 
upon  the  accumulated  sputa,  in  the  absence  of  gangrene,  as  in  cases 
of  bronchiectasis,  perforating  empyema,  and  where  ulcerative  proc- 
esses are  taking  place  in  the  lungs,  whether  these  be  of  tuberculous 
origin  or  not.  An  odor  like  that  of  old  cheese  is  occasionally  observed 
in  cases  of  perforating  empyema;  under  such  conditions  ty rosin  is 
usually  found.  This  body,  however,  has  nothing  to  do  with  the  odor 
of  the  sputa;  both  factors  are  merely  indicative  of  certain  putre- 
factive changes  going  on  in  the  lungs. 

Specific  Oravity. — ^The  specific  gravity  of  sputa  varies  within  wide 
limits;  mucous  sputa  have  a  specific  gravity  of  1.004  to  1.008,  purulent 
sputa  one  of  1.015  to  1.026,  and  serous  sputa  one  of  1.037  or  more. 

Configuration  of  Sputa. — As  a  general  rule,  the  following  forms 
of  sputa,  which  may  be  termed  pure  sputa,  present  a  homogeneous 
appearance: 

Mucoid  sputa,  1 

K";uC'  Homogeneous  sputa. 

Suiguinous  sputa,  J 

with  one  exception,  perhaps — the  typically  rusty  sputa  of  croupous 
pneumonia;  while  mixtures  of  any  two  or  three  of  these  may  be 
classed  as  heterogeneous  sputa: 


Mucopurulent  sputa, 
Mucoserous  sputa, 
Serosanguinous  sputa, 
Sanguino-mucopunilent  sputa 


Heterogeneous  sputa. 


The  so-called  sputum  crudum  of  the  first  stage  of  acute  bronchitis 
may  be  regarded  as  an  example  of  a  purely  mucoid  sputum.  A 
purely  purulent  sputum  is  usually  indicative  of  the  perforation  of  an 
empyema  or  any  other  accumulation  of  pus  into  the  lungs  or  bronchi, 
of  pulmonaiy  abscess,  or  of  bronchial  blennorrhea.  A  purely  serous 
sputum  is  found  in  cases  of  pulmonary  edema,  and  a  purely  hemor- 
rhagic sputum  in  cases  of  pulmonary  hemorrhage. 

Of  the  heterogeneous  sputa,  the  most  important  are  the  so-called 
nummular  spuia  of  the  second  and  third  stages  of  phthisis.  These 
are  characterized  by  the  fact  that  when  thrown  or  expectorated  into 
water  they  sink  to  the  bottom,  and  there  form  coin-like  disks,  from 
which  property  they  have  received  there  name.  Such  sputa  are 
mucopurulent  in  character,  and  contain  a  focus  of  almost  pure  pus 
embedded  in  a  more  or  less  homogeneous  mass  of  mucus.  Quite 
different  from  these  are  the  so-called  spuia  glohosa,  which  consist 
of  fairly  dense,  roundish,  grayish-white  masses;  they  are  secreted  in 
old  cavities  which  have  become  lined  with  a  granulation  membrane. 

Occasionally,  as  in  putrid  bronchitis,  bronchorrhea,  bronchiectasis, 
and  gangrene  of  the  lungs,  exquisite  sedimentation  is  observed.  Such 
sputa  when  collected  in  a  conical  glass  present  three  distinct  zones: 
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the  one  at  the  bottom  contains  the  cellular  elements,  the  second  the 
pus  serum;  the  third  or  superficial  layer  consists  of  mucus  and  con- 
tains many  air  bubbles.  From  this  long  shreds  of  sedimentous 
material  sometimes  hang  down. 


MAOROSOOPIO  OONSTITUEirrS  OF  SPUTA. 


Cheesy  Particles. — The  presence  of  small,  cheesy  pariides,  which 
are  occasionally  found  at  the  bottom  of  the  spit  cup  is  aometiines  very 
important.  They  vary  in  size  from  that  of  a  millet-seed  to  that  of  a 
pea,  and  are  observed  especially  in  the  second  and  third  stages  of 
phthisis.  Usually  they  contain  tubercle  bacilli  in  laive  numbeis, 
and  fre(|uently  also  elastic  tissue.  Not  to  be  confounded  with  these 
are  small,  caseous  masses  which  are  at  times  expectorated  by  perfecdk 
normal  individuals,  and  also  by  patients  suffering  from  acute  tonsil- 
litis, ozena,  etc.,  and  which  in  part  come  from  the  tonsils  or  mooous 
cysts  (I)ittrich's  plugs);  others  may  be  derived  from  the  bnmchL 
Formerly  they  were  reganled  as  tubercles,  and  in  hypochondriac 
individuals  their  expectoration  may  cause  a  great  deid  of  amdetf. 
As  a  rule,  they  are  expectorated  unaccompanied  by  pus  or  even  mucus; 
rubbed  between  the  fingers  they  emit  an  extremely  offenstve  odor, 
wliich  is  referable  to  the  presence  of  fatty  acids;  microscopically  they 
consist  of  bacteria,  fatty  acid  crystals,  fat  globules,  and  cdlular 
detritus. 

Elastic  Tissue. — In  cases  in  which  active  parenchymatous  destruc- 
tion of  the  hmgs  is  going  on  bits  of  elastic  tissue  may  be  found  which 
are  visil)le  with  tlie  naked  eye.  T'he  seaR'h  is  facilitated  by  spreading 
out  the  sj)iitinn  between  two  plates  of  glass,  upon  a  dark  background, 
and  searching  with  a  hand  lens.  In  tuberculosis  the  particles  are 
(juite  small,  while  in  al)s('(\ss  and  gangrene  they  may  attain  the  size 
of  a  pea.  Their  macroscopic  demonstration  should  be  followed 
by  a  careful  microscopic  examination  (which  see). 

Particles  of  cartilage  from  tubcnnilous  ulcers  of  the  larynx,  trachi, 
and  bronchi  are  less  common,  as  is  also  the  occurrence  of  tumor  frag- 
ments. 

Fibrinous  Casts. — Fibrinous  casts  are  obser\'ed  in  croupous  pneu- 
monia, ininie<liately  before  or  after  resolution  has  taken  place,  as 
also  in  fibrinous  bronchitis  (Fig.  110),  and  in  diphtheria  when  the 
membrane  has  extended  into  the  finer  ramifications  of  the  bronchi. 
These  crusts  may  vary  4n  size  from  1 5  cm.  in  length  by  several  milli- 
meters in  thickness  to  fragments  which  measure  only  from  0.5  to  3 
cm.  in  length,  '^rhe  casts  observed  in  pneumonia,  usually  from  the 
third  to  the  seventh  day,  arc  of  the  latter  size  or  even  smaller,  being 
derived  from  the  ultimate  twigs  of  the  finest  bronchioles.  Those 
found  in  fibrinous  i)ronchitis  sUmd  bctwetui  these  two  in  size,  being 
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cast^  of  smaller  and  m«lium-size(]  bronchi.  Atteution  b  usually 
attracted  to  the  presence  of  such  casts  Uy  their  white  color;  often, 
however,  they  are  yellowish  hrott-n  or  r«l(lish  yellow,  owing  to  the 
preseni-e  of  bloo<l-ooloriiig  mutter;  at  other  times  they  are  enveloped 
mucus,  when  their  recognitiou  may  become  quite  difficult.  Such 
casts  are  fairly  finn;  they  branch  dichotomously,  usually  six  to  ten 
limes.  The  lai^er  brunches  contain  a  lumen,  while  the  smallest  twigs 
are  solid.     Micmsctipicully  they  coTisi.st  of  a  liir>:c  iiunibcrof  libers. 


which  are  arranged  longitudinally  or  in  a  net-like  manner,  and  con- 
tain blood  corpu.scles  and  epithelial  cells  in  their  meshes.  When 
treated  with  Welgert's  (ibrin-stain,  they  arc  sometimes  beautifully 
resolved;  at  other  limes  the  filirin  reaction  is  not  nearly  so  markeil  as 
one  would  exi>ect.  The  individual  casts  consist  of  a  variable  number 
of  lamina  arranged  concentncally,  those  contained  in  the  i-entre  being 
much  folde«l  and  iiivolute<l.  ^lost  of  the  branches  are  cylindrical; 
.some  of  tlie  larger  ones  iirf  flat.  < 'harcot-I^yden  crystaU  have  at 
time.'!  been  ob.served  in  the.'ie  formations. 
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Small  casts  composed  of  the  mycelium  of  fungi  have  ako  bta 
described. 

Whenever  it  is  desired  to  examine  sputa  for  casts,  it  is  best  to  pid 
out  particles  that  look  promising,  upon  a  dark  surface,  and  then  to 
shake  them  out  in  water. 

Literature.— M.  Bettmann,  Amer.  Jour.  Hed.  Sd.,  1902,  vol.  cwdii.p.SOt  (■     | 
full  review  oF  all  cases  in  the  literatuie  up  to  lOOii  is  beio  ^v«d).     Devilknud 
Kenon,  Lft  presae  mMicaJe,  1899. 

Corschmaim'a  Spirals.' — Quite  distinct  from  the  formatioiis  just 
described  are  the  so-called  spirals  of  Curschmann,  which  are  observed 
especially  in  cases  of  true  bronchial  asthma,  but  occur  also  in  acule 
and  chninic  bronchitis,  in  croupous  pneumonia  and  in  chronic  phthims, 
though  to  a  far  less  extent.  Upon  careful  examination  they  will  be 
seen  to  consist  of  thick,  yellowish- white  masses,  which  exhibit  i 
spirally  twisted  appearance,  and  are  characterized,  moreo^-er,  bj 
their  more  solid   consistence  and  light  color.     Microscopically  th^ 


are  composed  of  a  spirill\  twisted  network  of  extremely  delicate 
fibrils,  containing  epithelial  celK  and  numerous  leukocytes;  the  latter 
are  utmost  all  of  the  eosinophilic  %  ariety.^  Usually,  but  not  invariably, 
Charc'ot-I^yden  crystaK  also  ire  seen.'  The  spirally  twisted  mass  is 
found  to  U'  wound  amund  a  central,  very  light  and  clear  thread, 
which  usually  has  ii  ^ig^Jig  tourse  (Fig.  111). 

Otiicr  formations,  pn>bably  mere  varieties  of  those  just  described, 
have  also  l>feii  observed,  in  which  the  central  thread  is  altsent  or  in 
which  the  spiral  arrangement  is  deficient.  The  spiral  fonn,  how- 
ever, with  the  central  thread,  must  be  considered  as  the  most  char- 
acteristic. Their  length  and  breadth  may  vary  a  great  deal,  but 
rarely  exceed  1  to  !.."»  cm.     Their  occurrence  seems  always  to  indi- 

'  Leviinn,  Virclimv'w  Arcliiv.  1S72,  vd!.  liv,  p.  328.  Carechmann,  Deutsch 
Arch.  r.  klin.  Me<I„  lSS:i.  vol.  xxvii,  p.  I.  and  vol.  xxxvi,  p.  578.  v.  Jakack, 
Cenlralbl.  f.  klin.  Mcil.,  IS,-*:!,  vol.  iv,  p.  45)7. 

'  Sclimiilt,  Mt.  f.  klin.  Mfd..  I.S!)2,  vol.  xx,  p.  92.     v.  Noonlen,  ibid.,  p.  98. 

'  Leyden,  loc.  cit. 
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cate  s  desquamative  catarrh  of  the  bronchi  and  alveoli,  but  pracli-  ' 
cally  nothing  is  known  concerning  their  formation.  If  in  a  given 
case  the  diagnosis  rests  between  true  bronchial  and  what  may  be 
termed  reflex  asthma,  the  presence  of  these  formations  points  to  the 
existence  of  the  former  disease.  Chemically,  the  spirally  wound 
mass  seems  to  consbt  of  a  mucinous  substance,  while  the  central 
thread  b  possibly  of  fibrinous  origin. 

Charcot-Ijeyden  crystals  (Fig.  112),  which  are  usually  absent  at 
the  b^inning  of  an  attack  of  asthma,  at  which  time  only  the  spirals 
are  observed,  may  develop  from  the  spirals  when  these  are  kept  for 
several  days.  They  will  be  considered  later  in  studying  the  chemistry 
<S  the  sputum. 

Echinococcns  Membranes. — Echinococcus  membranes  may  come 
from  a  perforating  cyst  of  the  liver,  kidney,  or  lung.  They  consti- 
tute rather  thick,  and  at  the  same  time  tough,  pieces  of  membrane 
(Fig.  113);  occasionally  entire  sacs  are  seen,  of  the  color  of  white 


Fro.  113.— Chucol-LeydeaeryiUla.  (Seheul 


Q  Fiq.  113— W^l  of  >  hydktid 


Etrcelain,  in  sections  of  which  it  is  possible  to  make  out  a  fibril- 
ted  structure.     (See  also  Animal  Parasites  in  the  Sputum.) 

OlHlCTetioils. — ^iTie  expectoration  of  concretions  which  have  been 
formed  in  dilated  portions  of  the  bronchi  or  in  tuberculous  cavities, 
or  of  calcified  bronchial  glands  that  have  found  their  way  into  the 
lungs  b  rare.  Curious  examples  of  the  occurrence  of  such  concre- 
tions have  been  reported.  Andrai  cites  a  cases  of  phthisis  in  which 
within  eight  months  200  stones  were  expectorated,  and  Portal  men- 
tions a  case  in  which  500  were  thus  expelled.' 

Toreign  Bodies.— Foreign  bodies  which  have  accidentally  entered 
the  air  passages  and  have  remained  there  for  a  long  time  may  also 
be  found  in  the  sputum.  Heyfelder  mentions  a  case  in  which  a  man 
coughed  up  a  wooden  cigar-holder  with  pus  and  blood  after  eleven 
and  a  half  years. 

*  L.  W.  AUee,  "  BroDchial  Concretions,"  Amer.  Jour.  Med.  Sci.,  1901,  vol.  cxxii, 
p.  49.    FKflonger,  "Calcule  puImoDaire,"  Jour,  de'm^.,  1902,  No.  29. 
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MIOROSGOPIO  EXAMINATION  OF  THE  SPUTUM. 

Under  this  heading  it  is  necessary  to  consider  leukocytes,  red 
blood  corpuscles,  epithelial  cells,  elastic  fillers,  corpora  amylacea, 
parasites,  and  crystals. 

Leukocytes. — Leukocytes,  usually  polynuclear  in  character,  are 
found  in  every  sputum  in  considerable  numbers,  embedded  in  a 
homogeneous,  more  or  less  tenacious  material.  At  times  they  con- 
tain fat  droplets,  or  granules  of  pigment,  such  as  carbon  or  hematoidin. 
Their  number  varies  considerably,  I)eing  naturally  greatest  in  cases 
of  perforating  abscess,  empyema,  putrid  bronchitis,  etc. 

While  the  leukocytes  which  usually  are  found  in  the  sputum  are 
of  the  neutrophilic  variety,  eosinophiles  may  also  be  obsen'ed,  and 
especially  in  asthmatic  sputa,  in  which  they  predominate.  Free 
eosinophilic  granules  are  then  also  seen,  and  I  have  repeatedly 
observed  specimens  in  which  the  spirals  (see  above)  were  literally 
covered  with  these  granules  (Plate  XVII).  The  presence  of  eosino- 
philic leukocj'tes  is,  however,  not  characteristic  of  the  sputa  of 
bronchial  asthma,  as  they  may  l>e  met  with  in  other  diseases  as 
well.  Teichmiiller  has  pointed  out  that  they  are  present  in  a  large 
percentage  of  tuberculous  cases,  and  may  be  found  months  before 
tubercle  bacilli  can  be  demonstrated.  He  regards  their  occurrence 
as  evidence  of  a  defensive  struggle  on  the  part  of  the  l)ody,  which 
is  most  evident  in  fairly  strong  individuals.  In  recoverj'  a  gradual 
increase  in  their  nuinher  is  noticeable,  and  a  diminution,  Teich- 
muller  thinks,  is  indicative  of  a  relapse,  or,  if  the  diminution  occurs 
rapidly,  of  florid  consumption.  These  statements,  however,  lack 
confirmation  and  are  probably  too  dogmatic.  Ott,  Fuchs,  Bett- 
mann,  Turban,  and  (V)hn,  in  fact,  deny  the  prognostic  significance 
of  the  eosinophilic  cells  in  cases  of  phthisis;  and  Cohn  states,  as 
the  result  of  an  examination  of  1(K)  cases,  many  of  which  were  com- 
paratively early,  that  the  occurrence  of  eosinophilic  Ieukoc\*tes  is 
fairly  uncommon  in  tuberculous  sputa.  Stadelmann'  also  states  that 
he  has  been  unable  to  verifv  Teichmuller\s  observations.  On  the 
other  hand,  he  has  been  able  to  confirm  the  obser\'ation  which  has 
been  rej)eatedly  made,  that  large  numbers  of  eosinophilic  cells  appear 
in  the  sputum  following  heinoj)tysis.  Teichmiiller  has  also  described 
an  **  eosinophilic''  l)r()n('hitis,  which  is  said  to  differ  from  other  forms 
of  the  disease  in  the  abuiK lance  of  eosinophilic  cells  which  are  encoun- 
tered. The  sputum  in  such  cases  is  describe<l  as  transparent,  mucoid, 
and  loose,  with  yellow,  purulent  admixtures.  It  is  said  to  be  mark- 
edly different   from   the  tough,   thick   sputa  of  bronchial   asthma. 

*  Discussion  on  tulxTculosis,  iH'Utsch.  mod.  Woch.,  1901,  vol.  v,  p.  210. 


PLATE   XVI. 


Sputum  from  Case  of  Bronchial  Asthma,  showing  Large  Numbers 
of  EosinophiUc  Leukocytes  and  Free  Granules. 


It  will  be  Doted  that  the  leukocytes  are  all  mononuclear.     (Kye-piece  1.  objective  1-8.  Bausch  «fe  Lomb.) 
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^^Vpical  spirals  are  absent,  but  rudimentary  forms  may  be  encountered. 
Clx^urcot-Leyden  erystak  are  present.^ 

"Very  curiously  the  majority  of  the  eosinophilic  cells  which  are  met 
^^'tJi  in  the  sputum  (notably  in  asthma)  are  mononuclear;  they  are 
myelocytes,   however,  but  probably   mononuclear  histogenetic 


Griinwald'  states  that  in  the  sputa  of  the  most  diverse  diseases 
^^^k  are  met  with  which  contain  a  hypoeosinophilic  granulation,  and 
^liat  the  granules  in  question  may  also  occur  outside  of  the  cells  in 
"tile  absence  of  evidence  of  special  cell  destruction.  These  gran- 
V&les,  in  contradistinction  to  the  tnie  eosinophilic  cells,  lose  their 
c^olor  on  treating  with  an  acid,  and  readily  take  up  the  blue  stain  on 
subsequent  staining  with  methylene  blue.  Griinwald  states,  how- 
ever, that  a  sharp  line  of  distinction  does  not  exist  between  the  two 
varieties  of  granules,  and  that  intermediary  conditions  exist,  as  also 
transitions  between  oxyphilic  and  basophilic  granules  in  the  natiu*e 
of  an  amphophilic  granulation. 

.To  demonstrate  eosinophilic  leukocytes  in  the  sputum,  smears  are 
made  as  usual,  slightly  fixed  by  drawing  through  the  flame  of  a 
burner,  and  stained  for  two  minutes  in  a  0.5  per  cent,  alcoholic  solu- 
tion of  eosin.  The  preparations  are  then  immersed  in  50  per  cent, 
alcohol  to  the  point  of  decolorization,  when  they  are  counterstained 
with  methylene  blue,  briefly  washed  with  water,  and  dried.  The 
eosinophilic  granules  and  the  red  cells  in  part  hold  the  eosin  dye. 

Basophilic  leukocytes  (mast-cells)  have  also  been  observed  in  the 
sputa. 

Eed  Blood  Oorpuscles. — The  presence  of  red  blood  corpuscles  in 
small  numbers  does  not,  by  any  means,  indicate  serious  pulmonary  or 
cardiac  disease,  as  they  may  be  found  in  almost  any  sputum,  and 
especially  in  that  of  individuals  who  smoke  much  or  live  in  a  smoky 
atmosphere;  they  are,  without  doubt,  derived  from  the  catarrhally 
inflamed  bronchial  or  tracheal  mucosa.  Whenever  they  occur  in 
large  numbers,  however,  their  presence  becomes  important.  They 
may  be  observed  in  acute  bronchitis,  pneumonia,  edema  of  the 
lungs,  bronchiectasis,  abscess,  gangrene — in  fact,  in  all  pulmonary 
diseases.  Their  occurrence  is  most  important  in  phthisis,  and  is,  in 
fact,  one  of  the  most  constant  symptoms  of  the  disease. 

The  form  of  the  red  corpuscles  will  depend  upon  the  length  of 
time  that  they  have  remained  in  the  lungs,  and  all  gradations  from 
the  typical  red  corpuscle  to  its  shadow,  or  even  fragments,  may  be 

*  Teichmuller,  "  Die  eosinophile  Bronchitis,"  Deutsch.  Arch.  f.  klin.  Med.,  vol. 
Ixiii,  p.  444.  See,  also,  K.  Schdnbrod,  Ueber  den  gegenw&rtigen  Stand  der 
Beurtneilung  der  eosinophilen  Zellen  im  Blute  und  im  Sputum,  Inaug.  Diss., 
Erlangen,  1895.  A.  Hein,  Ueber  das  Vorkommen  eosinophiler  Zellen  im  Sputum, 
Inaug.  IMm.,  Eiiangen,  1894. 

*  '^tudien  iiber  d.  Zellen  im  Auswurf.  etc./'  Vjrchow*s  Arphiv^  1899.  vol.  clviii 
p.  2»7, 
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observed.  In  pneumonia  the  microscopic  examination  may  at 
times  be  disappointing,  the  appearance  of  the  sputum  sugg^rting 
that  red  corpuscles  in  large  numbers  are  present,  while,  as  a  matter 
of  fact,  they  are  almost  all  destroyed,  the  color  being  due  to  altered 
pigment.  It  may  even  be  necessary  to  depend  upon  chemical  methods 
to  clear  up  the  question.  It  should  be  remembered  that  the  presence 
of  blood  pigment  is  not  always  indicated  by  a  red  color,  but  that  it 
may  also  assume  a  golden-yellow  or  even  a  greenish  tinge,  owing  to 
certain  chemical  changes  which  have  taken  place.  The  golden-yellow 
and  the  grass-green  sputa  obser\'ed  in  cases  of  pneumonia  during 
convalescence  l>elong  to  this  class. 

To  demonstrate  the  presence  of  traces  of  blood  in  the  sputum,  the 
aloin  or  guajac  test  (see  Feces)  may  be  employed,  after  first  boiling 
the  sputum  with  20  per  cent,  caustic  alkali  solution  and  susequently 
neutralizing  with  acetic  ac*id. 

Epithelial  Oells. — Epithelial  cells  are  found  in  practically  eveiy 
sputum.  They  are  mostly  of  the  pavement  variety  and  may  be 
derived  from  the  mouth,  pharynx,  and  the  upper  larynx.  Many  of 
the  cells  are  full  of  invading  bacteria,  which  may  lead  to  their 
entire  destruction.  Cylindrical  epithelial  cells,  providing  they  do 
not  come  from  the  nose,  indicate  in  a  general  way  an  inflammatory 
condition  of  the  lower  larynx,  trachea,  or  bronchi.  As  a  rule  their 
form  is  so  much  altered  that  it  is  often  difficult  to  recognize  them; 
they  may  thus  become  polyhedral,  cuboidal,  or  even  round,  and  can 
then  hardly  be  distinguished  from  leukocytes.  Actively  moving  cilia 
may  be  found  only  in  perfectly  fresh  sputa,  immediately  after  being 
expectorated,  l)ut  are  very  rarely  seen. 

P'ormerly  much  importance  was  attached  to  the  so-called  alveolar 
cpifhelial  cells  (Fig.  114)  as  an  aid  in  diagnosis.  Buhl  thus  regarded 
them,  particularly  when  undergoing  fatty  or  myelin  degeneration, 
to  l)e  patliognomonic  of  pulmonary  disease,  and  especially  of  that 
form  of  pneumonia  which  has  been  termed  essential  idiopathic 
desquamative  pneumonia.  Bizzozero,*  however,  as  well  as  others, 
have  shown  that  these  cells  not  only  occur  in  almost  every  known 
pulmonary  disease,  hut  that  they  are  present  also  in  the  so-called 
** normal"  expectoration  which  at  times  is  obtained  upon  making 
a  forcible  expiration.  They  are  round,  oval,  or  polygonal  cells 
vanning  in  size  from  20  fi  to  oO  /<.  They  may  contain  one,  two,  or 
three  oval  nuclei,  which  are  rather  small  and  provided  with  nucleoli. 
Usually  the  latter  are  hi.I  len  beneath  numerous  granules.  Some  of 
the  granules  are  albuminous,  but  most  of  them  are  either  pigment 
granules,  fatty  granules,  or  myelin  granules.  The  myelin  granules 
were  first  discovered  by  Virchow^,  and  termed  myelin  granules  on 

*  Microscopic  cliniqiie.  2d  ed.  Franyaise,  Paris,  1885. 
'  Virchow's  Archiv,  1854,  vol.  vi,  p.  562, 
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Tuberculous  Spuium  Stained  by  Gabbett's  Method.    The  Tubercle  Bacilli 
are  seen  as  Red  Rods,  all  else  is  Stained  Blue.     (Abbott.) 
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Heart  Disease  Cells,  showing  Alveolar  Epithelial  Cells,  Loaded   Down 

with  Granules  of  Hematin 
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account  of  their  resemblance  to  mashed  nerve  matter.  They  are 
distinguished  from  the  other  forms  by  their  clear,  pale,  colorless 
appearance,  and  the  fact  that  at  times  fine  concentric  striations  can 
be  detected.  These  forms  may  be  round,  but  more  often  they  are 
irr^ular.  Chemically,  the  myelin  droplets  have  been  shown  to  con- 
tain a  considerable  amount  of  protagon,  besides  traces  of  lecithin  and 
cholesterin/  They  are  readily  soluble  in  alcohol,  somewhat  so  in 
chloroform  and  ether.  They  swell  in  water  and  stain  yellow  with 
iodine.  They  are  colored  but  little  by  the  anilin  dyes  and  do  not 
turn  black  on  treating  with  osmic  acid. 

Sometimes  myelin  granules  are  found  together  with  fat^  and  pig- 
ment granules  in  the  same  cell. 

The  sputa  of  chronic  bronchitis  referable  to  heart  disease  are 
characterized  by  the  presence  of  so-called  heart-disease  ceUs.    These 


Fio.  114. — Epithelium,  leukocytes,  and  crystals  of  the  sputum.  (E3fe-piece  III,  objective 
8  A,  Reichert.)  a,  a',  a'\  alveolar  epithelium:  b,  myelin  forms;  c,  ciliated  epithelium;  d, 
crystals  of  calcium  carbonate;  e,  hematoidin  cryrstals  and  maMsen;  /,  /,  /,  white  blood  cor- 
puaeles;  g,  red  blood  corpuscles;  h,  squamous  epithelium,     ^v.  Jaksch.) 

are  alveolar  epithelial  cells  containing  hematoidin  granules  (Plate 
XVIII,  Fig.  2).  They  appear  to  be  most  numerous  in  cases  of  mitral 
disease,  but  may  also  occur  in  congestive  affections  of  the  broncho- 
pulmonary apparatus,  even  ^dth  the  heart  intact.' 

Liver  cells  may  at  times  be  observed  in  the  sputa  in  cases  of  liver 
abscess,  and  are  easily  recognized  by  their  characteristic  form. 

Elastic  Tissue. — Much  more  important  from  a  clinical  stand- 
point are  the  elastic  fibers  and  shreds  of  elastic  tissue  which  may 
be  found  in  sputa.  They  vary  much  in  length  and  breadth,  and 
are  provided  with  a  double,  undulating  contour:  they  are  usually 
curled  at  their  ends.  Very  often  they  exhibit  an  alveolar  arrange- 
ment (Fig.  115),  which  at  once  determines  their  origin. 

*  A.  Schmidt,  "  Ueber  Herkunft  u.  chem.  Natur  d.  Myelinformen  d.  Sputums/' 
Berlin,  klin.  Woch.,  1898,  p.  73.     See,  also,  Zoja,  Maly's  Jahresberichte,  vol 
xxiv,  p.  694. 

'  R.  C.  Regolo,  Oaz.  d.  Oapedali,  Milano,  vol.  xxii,  No.  135. 
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Whenever  present,  elastic  tissue  is  an  absolute  indicatioii  that  i 
destructive  process  is  going  on  in  the  lungs.  It  b  found  in  cases  d 
abscess  of  the  lungs,  bronchiectasis,  occasionally  in  pneumonia,  pul- 
monary gangrene  and  infarct,  and,  most  important  of  all,  in  pbthias, 
in  which  it  is  said  to  he  present  in  90  per  cent,  of  all  cases.  This 
percent^e,  which  was  obtained  by  Dettweiler  and  Setzer  in  1878, 
is  unquestionably  too  high  in  comparison  with  what  is  seen  today, 
where  the  diagnosis  of  tuberculosis  is  made  much  eaiiier.  In  gut- 
grene  of  the  lung  elastic  tissue  is  generally  said  to  be  absent,  but  Oda 
states  that  he  has  never  seen  a  case  without  it,  and  that  usually  it 
occurs  in  large  fragments. 

In  every  case  it  is  necessary  to  determine  whether  the  elastic  tissue 
ha.s  not  been  ntroduced  from  without,  and  it  may  hence  be  stated  as 
a  rule  that  it  can  only  be  r^arded  as  absolutely  characteristic  when 
showing  the  alveolar  arrangement. 

In  order  to  demonstrate  the  presence  of  elastic  tissue  in  the  sputum 
the  following  method  b  veiy  convenient:  A  small  amount  of  the  thick, 


punilenf  portion  of  the  sputum  is  pres.sed  into  a  thin  layer  between 
two  pieces  of  plain  window-jjhi&s,  \5  by  l.^  cm.  and  10  by  10  cm. 
The  particles  of  elastic  tissue  appear  on  a  black  background  as  grayish- 
yellow  spots,  and  can  be  examined  in  situ  under  a  low  power.  Or,  the 
upper  piece  of  glass  is  slid  off  till  the  piece  of  tissue  is  uncovered, 
when  it  is  picked  out  and  examined  on  a  slide,  first  nith  a  low  and 
then  with  a  higher  power.  .At  first  there  will  be  some  difficulty  in 
distinguishing  with  the  naked  eye  between  elastic  fillers  and  particles 
of  bread,  or  milk  globul&s,  or  collections  of  epithelium  and  debris, 
hut  with  practice  such  mistakes  are  rarely  made,  and  the  microscope 
always  reveals  the  difference. 

If  only  very  little  elastic  tissue  is  jiresent,  it  is  necessaiy  to  examine 
lai^  quantities  of  sputum  with  a  moderately  low  power,  and  best 
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after  the  addition  of  a  solution  of  sodium  hydrate.  The  sputum  is 
boiled  with  a  10  per  cent,  solution  of  the  reagent,  an  equal  volume 
being  added;  the  boiling  is  continued  until  a  homogeneous  solution 
has  been  obtained;  after  dilution  with  four  times  its  volume  of  water 
it  is  allowed  to  settle  for  twenty-four  hours  or  centrif ugalized  and  the 
sediment  examined  at  once. 

May*  reconmiends  the  following  method  of  demonstrating  the 
presence  of  elastic  tissue  in  sputum:  The  material  in  question  is 
heated  on  a  boiling  water  bath  with  an  equal  volume  of  a  10  per 
cent,  solution  of  sodium  hydrate  until  it  has  all  apparently  dissolved. 
The  mixture  is  then  centrifugalized  and  the  supernatant  fluid 
decanted.  The  sediment  is  treated  with  about  2  c.c.  of  an  orcein 
solution  prepared  according  to  the  formula  of  Unna-Tanzer,  viz., 
orcein,  1  gram;  absolute  alcohol,  80  c.c;  distilled  water,  40  c.c; 
concentrated  hydrochloric  acid,  40  drops.  On  adding  the  stain, 
owing  to  the  remaining  alkali,  the  color  turns  violet;  a  few  drops 
(3  to  5)  of  hydrochloric  acid  are  added  until  the  original  color  oi  the 
stain  returns.  The  tube  is  then  placed  for  from  two  to  five  minutes 
in  boiling  water,  after  which  acid  alcohol  (concentrated  hydrochloric 
acid,  5  c.c;  95  per  cent,  alcohol,  1000  cc;  distilled  water,  250  c.c.) 
is  added  to  decolorize.  The  mixture  is  again  centrifugalized  and 
the  sediment  washed  once  or  twice  more  with  the  acid  alcohol  by 
centrifugation  and  decantation.  The  sediment  is  then  examined 
directly,  when  the  elastic  tissue  fibers  may  be  recognized  by  their 
more  or  less  intense  brownish-violet  color. 

ANIIEAL  PARASITOLOGT  OF  THE  SPUTUM. 

Protozoa.  Entftmoeba  Dysenteria. — In  cases  of  amebic  abscess  of 
the  liver  with  perforation  into  the  lung  the  Amoeba  coli  may  be  demon- 
strated in  the  sputa.  Such  sputum  commonly  presents  the  anchovy 
sauce  appearance  already  mentioned.  As  a  rule  the  amehas  are  not 
numerous  and  slide  after  slide  may  have  to  be  examined  before  a  single 
organism  is  discovered.  The  material  should  be  kept  at  body  tem- 
perature and  the  slides  warmed.  A  Bausch  and  Ix)mb  ^  or  I^itz 
6  or  7  is  used  (see  also  Amebas  in  Feces).  Only  actively  moving 
oi^nisms  are  diagnostic. 

Trichomonads  have  at  times  been  observed  in  cases  of  gangrene 
of  the  lung,  and  in  the  pus  removed  postmortem  from  lung  cavities. 
They  are  identical  with  the  Trichomonas  vaginalis  of  Uonn^. 

Cercomonads  have  been  found  in  the  sputum  and  in  the  Dittrich 
plugs  in  gangrene  of  the  lung. 

Oestodes.  Tsenia  Echinococcus. — Portions  of  echinococcus  cysts, 
viz.,  pieces  of  membrane  (Fig.  114)  and  booklets  (Fig.  119),  are 

*  Deutsch.  Arch.  f.  klin.  Med.,  1900,  vol  Ixviii,  p.  427. 
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occa^onally  seen  when  the  parasite  has  lodged  in  the  lungs  or  in  the 
neighboring  organs.  The  disease  b  not  common  in  tms  coimtrr. 
Lyon*  collected  241  cases  in  the  United  States  and  Canada  up  to 
July  1,  1901.  91  per  cent,  occurred  in  foreigners.  In  Canada  i 
lai^  proportion  is  referable  to  the  Icelandic  immigrants  in  Manitoba 
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Fig.  118. 
iv  i«uch,  (he  vagina,  ulenic,  oTarr.  shell. 
sti'lM  M  the  rtiIeK  are  leoo^liBble  In  the 
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M  vcieriiioriitn  screlched  out  and  necti  fkoni 
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Thomas,'  of  .\ilelaiilc,   has   thoroughly  investigated  the  disease  in 
Aii.slriilia,  wlicre  it  is  (|iiitc  coiniiuin. 

The  aihilt  p;irasito  (I*'ig-   llfi),  Tirnia  echinococcus  (v.  Siebold), 
is  II  flircc-  or  toil  r-.spj^iiicTi ted  ta])cw<)rm,  4  to  5  mm.  in  length,  whose 
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habitat  is  the  intestinal  canal  of  the  dog,  dingo,  jackal,  wolf,  etc. 
The  larval  or  cystic  form  develops  in  cattle,  sheep,  swine,  rabbits, 
etc.,  and  is  also  found  in  man.  The  ova,  0.067  mm.  in  diameter, 
are  introduced  by  food,  water,  or  by  inhalation  in  dust.  In  the 
digestive  tract  the  minute  embryo,  freed  of  its  resistant  envelope  by 
the  digesting  juices  of  the  stomach,  bores  its  way  through  the  intes- 
tinal wall,  and  finds  a  resting  place  in  the'  liver,  lung,  or  other  part 
of  the  body,  there  developing  into  the  cystic  form  that  may  attain 
enormous  size. 

The  primary  or  mother  cyst  may  produce  daughter  cysts,  these  latter 
granddaughter  cysts,  and  these  a  third  generation,  often  in  great 
number;  so  that  the  cavity  may  be  filled  with  cysts  of  varying  size, 
formed  by  exogenous  or  endogenous  growth.  On  the  other  hand,  the 
single  cyst  may  remain  sterile — aceph- 
alocyst — or  may  produce  scolices  (Fig. 
117)  which  are  attached  by  pedicles 
to  the  lining  of  the  vesicles  or  brood 
capsules  in  which  they  develop.  Each 
scolex,  or  echinococcus  head,  0.4  to 
0.25  mm.  in  diameter,  is  a  round  or 
oval  body  with  a  head  capable  of 
protrusion  or  retraction.  There  is  a 
single  or  double  circlet  of  booklets 
around,  and  four  suckers  behind 
the  rostellum.  The  body  is  partly 
covered  with  calcareous  particles. 
These  scolices  may  ordinarily  be 
found  in  hydatid-cyst  contents. 

Hydatid  membrane  (Fiff.  113)  varies     „     „«    „    u,  .      r      w. 

y,  ,  !•  1         •           #  ^'^-  113- — HookleU    of    echinococcus: 

m  thickness  according  to  the  size  of  a,   Echinococcus  Tcterinoram:  b.  Taenia 

,1                .  .\               .  1  echinococcus,  three  weeks  after  Infection; 

the    cyst,    a  mother-cyst  membrane  c,   adult  Taenia  echinococcus;  d.   three 

being  often  \  inch  or  thicker;  the  SniheVTuH^Lrt",""^  ""'  "'""" 
smaller  cysts  have  walls  of  greater 

delicacy.  It  is  usually  pearly  or  grayish  white,  opaque,  and  of 
gelatinous  consistency,  but  the  thin  walls  of  the  daughter  cysts  may 
be  perfectly  clear  and  transparent.  The  membrane  consists  of  two 
layers:  (1)  the  ectocyst,  of  regular  laminse  of  chitinous-Iike  material, 
readily  torn  on  manipulation,  the  innermost  layers  whiter  and  softer 
than  the  outer;  (2)  the  delicate,  soft,  granular  endocyst,  consisting 
of  a  mass  of  delicate  polygonal  cells  without  distinct  nuclei.  From 
this  the  scolices  and  daughter  cysts  are  developed.  The  ectocyst 
usually  lies  in  close  apposition  to  the  fibrous  mlveiititious  capsule 
formed  by  the  organ  in  which  the  hydatid  is  present.  **The  ectocyst, 
known  also  as  the  cubicula  by  Continental  writers,  presents  under 
the  microscope  a  peculiar  stratified  structure  which  is  (juite  charac- 
teristic.    It  shows  no  appearance  of  fibers  or  cells,  and  even  under 
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high  magnif}'ing  powers  it  exhibits  a  nearly  hyaline  or  at  most  i 
faintly  granular  appearance"  (Thomas). 

When  a  hydatid  cyst  of  the  lung,  liver,  or  neighboring  tissue  has 
ruptured  into  the  larger  or  smaller  divbions  of  the  bronchi,  quantitie] 
of  clear,  watery  fluid,  giving  the  characteristic  tests  for  hydatid  fluid 
(see  Cystic  Contents),  may  be  coughed  up  and  be  found  to  contm 
perhaps: 

(a)  Small  cysts  full  of  clear  fluid,  from  the  size  of  a  pin's  held 
upward — the  daughter  or  granddaughter  cysts. 

(b)  Whitish,  dot-like  bodies  just  visible  to  the  iiaked  eye  when 
sin^e,  or  more  evident  when  grouped  together  in  colonies— the 
scolices,  or  echinococcus  heads  (Fig.  118). 


itumi  siiwi.    To  tbt  left,  dorsal  Mpecl:  lo  Ihe 
-b.)  from  the  spiilum.    X  1000.    (Katsunda  ) 


('-■)  Some  of  the  conipoiieiit  parts  of  the  cvsts  or  scolice.s,  viz.: 

1.  Collap.seil  cysts— ihe  well-known  "grfipe  skins,"  or  pieces  of  the 
gelatinous  mcmiminc  "f  a  niutiuT  or  daughter  cyst, 

2.  Ilooklets  and  cidciLi-cou.s  ciirpiiscles  from  the  bodies  of  the 
.scolices,  visilile  only  under  the  mi<.'n>se(ipe. 

Where  the  hydatlil  lias  suppunitcd  liefore  rupture,  pu.s  in  large  or 
sniiill  amount  takes  tlie  place  of  (he  i*lc;ir  fluid  or  is  mixed  with  it,  the 
other  elements  lieinf^  ceengrii/ed  on  examination. 

Microscopic  Examination  of  Hydatid  Material. — A  piece  of  mem- 
brane (often  yellowish  and  shreddy  in  <legenerating  cases)  is  picked 
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up  with  forceps,  placed  on  a  slide,  a  drop  or  two  of  water  applied, 
and  lightly  crushed  under  the  cover-glass.  At  the  torn  edges  of  the 
membrane  the  characteristic  laminated  structure  can  be  readily  seen 
with  the  low  power  (Fig.  113).  It  does  not  stain  readily,  but  staining 
is  unnecessary.  A  section  may  be  cut  with  the  freezing  microtome 
and  stained  with  carmine. 

Sputa  may  continue  to  be  expectorated  from  a  hydatid  cavity  of 
the  lung  for  months  or  years,  and  are  then  usually  of  a  purulent  or 
mucopurulent  character,  perhaps  blood-tinged.  A  thick  smear  on  a 
slide  may  reveal,  when  examined  with  a  low  power,  pieces  of  laminated 
membrane  or  booklets.  A  piece  of  membrane,  if  seen  on  floating 
the  sputa  in  water,  should  be  picked  out  with  forceps.  Tubercle 
bacilli  are  sometimes  found  in  the  sputa  of  cases  of  pulmonary  hydatid. 
When  a  hydatid  of  the  liver  has  ruptured  into  a  bronchus  the  sputa 
may  be  bile-stained.^ 

Trematodes.  Distoma  Pulmonale  (Lung  Fluke). — A  form  of  pul- 
monary disease  closely  simulating  phthisis  and  associated  with  pul- 
monary hemorrhage  is  very  common  in  Japan,  and  has  been  shown 
to  be  referable  to  the  presence  of  a  parasite  in  the  lungs,  Distoma 
pulmonale  (Balz) — syn.,  Distoma  westermanni  (Kerbert),  Distoma 
Ringeri  (Cobbold),  Paragonimus  westermanni.  The  parasite  is  8 
to  10  mm.  long,  4  to  6  mm.  wide,  rounded  very  mark^ly  in  front, 
less  so  posteriorly.  The  color  during  life  is  a  reddish  brown.  The  two 
sucking  disks  are  nearly  equal  in  size.  The  ova  are  brown,  with  a  thin 
shell  and  hdded.  They  measure  from  80  to  100  /i  in  length  and  40  to 
60  /i  in  breadth.  The  worm  and  its  ova  are  found  in  the  sputum. 
If  the  sputum  is  shaken  in  water  and  the  water  renewed  from  time  to 
time,  in  the  course  of  a  month  or  six  weeks  (according  to  the  tempera- 
ture) a  ciliated  embryo  is  developed  in  each  ovum.  When  the  ovum  is 
mature,  on  placing  it  on  a  slide  and  exercising  slight  pressure  on  the 
cover-glass,  the  operculum  will  be  forced  back  and  the  embryo  will 
emerge  and  at  once  begin  to  swim  and  gyrate  in  the  water  (Manson). 
Outside  of  Japan  the  parasite  has  been  found  in  Corea  and  Formosa. 
In  the  United  States  it  has  been  found  in  the  cat  and  in  the  dog;  in 
the  human  being  one  case,  occurring  in  a  Japanese  student,  has  been 
reported.  Many  Charcot-Leyden  crystals  are  found  in  the  sputum 
at  the  same  time. 

Literature. — C.  D.  Stiles,  "Distoma  Westermanni,"  Johns  Hopkins  Hosp. 
Bull.,  1894,  p.  57.  Brown,  I)ie  thierischen  Parasiten,  etc.,  Stuber,  Wiirzburg, 
1895. 

Distoma  Hsmatobiom. — Manson  found  the  ova  of  a  species  of 
Distoma  haematobium  in  the  bloody  expectoration  of  a. Chinese 
who  had  lived  for  some  time  on  the  island  of  Fonnosa. 

*  For  the  above  account  of  the  component  parts  of  hydatid  material  I  am 
indebted  to  my  friend  Dr.  John  Hamsay,  of  Launceston,  Tasmania. 
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Tubercle  Bacillus. — ^From  macroscopic  examination  it  is  impos- 
sible to  decide  whether  or  not  a  particular  sputum  is  of  tuberculous 
origin.  At  times  a  sputum  may  have  a  suspicious  appearance,  but 
it  is  never  possible  to  speak  with  certainty  from  simple  inspection, 
as  a  mucoid  sputum  may  contain  tubercle  bacilli  in  lai^  numbers, 
while  a  mucopurulent  sputum  may  be  entirely  free  from  them,  and 
vice  versa.  Reliance  should,  hence,  only  be  placed  upon  a  careful 
microscopic  examination. 

In  all  cases  the  fine,  cheesy  particles  previously  described  should 
be  carefully  sought  for,  as  they  contain  the  largest  number  of  bacilli. 
In  their  absence  reliance  should  be  placed  upon  the  examination  of  a 
large  number  of  preparations,  attention  being  directed  especially  to 
the  purulent  and  mucopurulent  foci  of  the  sputum. 

If  but  few  bacilli  are  present  the  following  procedure  may  be 
employed:  About  100  c.c.  of  sputum  are  boiled  with  double  the 
amount  of  water,  to  which  from  6  to  8  drops  of  a  10  per  cent 
solution  of  sodium  hydrate  have  been  added,  until  a  homogeneous 
solution  has  been  obtained,  water  being  added  from  time  to  time  to 
allow  for  evaporation.  The  mixture  is  then  centrifugated  or  set 
aside  for  twenty-four  to  forty-eight  hours  and  examined  for  tubercle 
bacilli  and  elastic  tissue.  Or,  the  following  proc*edure,  suggested  by 
d'Arrigo  and  Stampacchia,  may  he  employed:  Four  or  five  sputum 
masses  are  placed  in  a  test-tube  aiui  c()vere<i  with  Ranvier's  acid 
alcohol  (70  per  cent,  alcohol,  containing  1  per  cent,  of  concentrated 
hydrochloric  Jicid),  so  that  this  fills  about  two-thirds  of  the  tube. 
The  mixture  is  well  shaken  and  kept,  stoppered  with  cotton,  for 
twenty-four  hours  at  37°  (\  or  for  three  hours  at  50°  C.  The  acid 
alcohol  destroys  the  mucus  and  fixes  the  cells  and  bacilli,  which  sink 
to  the  bottom.  It  is  claime<l  that  in  a  sediment  prepared  in  this 
manner  it  is  possible  to  demonstrate  the  tuberlce  bacilli  even  after 
several  years. 

If,  notvvithstan<iin^  the  fact  that  all  due  precautions  have  been 
taken,  no  bacilli  can  he  denionst rated  in  the  sputum,  and  the  clinical 
history  and  the  physical  si^ns  are  indefinite  or  negative,  the  proba- 
bilities are  that  we  are  dealing  with  a  benign  process.  From  an 
examination  of  the  sj)uta  alone  in  such  cases  it  is  utterly  impossible 
to  reach  a  definite  conclusion.  \Vhcn  the  amount  of  sputum,  more 
over,  is  small  and  contains  hut  little  pus,  the  absence  of  tuberk^e 
bacilli  in  doubtful  cases  is  less  suggestive  of  the  absence  of  tuber- 
culous disease  than  in  cases  in  which  the  sj)Utum  is  more  abundant 
and  mucopurulent. 

Only  two  bacilli  arc  likclv  to  be  mistaken  for  the  tubercle  ba- 
cillus,  \nz.,  the  bacillus  of  leprosy  and  the  smegma  bacillus.     All 
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three  are  characterized  by  the  diflSculty  with  which  they  take  up 
basic  dyes,  and  the  great  tenacity  with  which  they  hold  the  dye 
when  once  stained,  even  upon  treatment  with  mineral  acids  (acid 
fastness)  and  alcohol.  This  peculiarity  has  been  generally  referred 
to  the  presence  of  fat  in  the  bacilli,  but  it  appears  from  more  recent 
researches  that  the  chitin  or  chitinous  substances  in  the  bodies  of  the 
tubercle  bacilli  are  primarily  concerned  in  the  reaction  (Helbing).* 
Sata',  moreover,  has  shown  that  other  bacteria,  such  as  the  anthrax 
bacillus,  the  bacillus  of  glanders,  the  Staphylococcus  aureus,  etc.,  give 
a  fat  reaction  which  is  as  intense  as  that  of  the  tubercle  bacillus, 
while  these  organisms  are  not  in  the  least  resistant  to  the  action  of 
acids  when  stained. 

That  confusion  should  arise  in  the  differentiation  between  the 
tubercle  bacillus  and  the  bacUlus  of  leprosy  is  very  unlikely.  More 
important  is  the  smegma  bcurUliLS,  which  is  known  to  occur  at  times 
upon  the  tonsils,  the  tongue,  and  in  the  tartar  of  the  teeth  of  per- 
fectly healthy  individuals.  In  sputum  coming  from  the  lungs  it  has 
been  observed  by  Pappenheim,'  Frankel,*  and  others. 

Methods  of  Staining  the  Tubercle  Bacillus.  1.  Oabbett's 
Method. — ^Bits  of  purulent  or  hemorrhagic  material,  or  if  present  the 
cheesy  particles  referred  to  above,  are  spread  on  slides  in  thin  layers. 
These  are  dried  in  the  air  and  fixed  by  being  passed  a  few  times 
through  the  flame  of  a  Bunsen  burner  or  an  alcohol  lamp.  The 
specimens  are  covered  with  a  few  drops  of  carbol-fuchsin  solution^ 
and  heated  to  boiling  for  one-quarter  to  one-half  minute.  The  solu- 
tion is  composed  of  1  part  of  fuchsin  dissolved  in  100  parts  of  a  5  per 
cent,  solution  of  carbolic  acid  and  10  parts  of  absolute  alcohol.  The 
excess  of  the  staining  fluid  is  drained  off  and  replaced,  without 
washing,  with  a  solution,  composed  of  2  parts  of  methylene  blue  in 
100  parts  of  a  25  per  cent,  solution  of  sulphuric  acid.  After  a 
minute  or  two  they  are  washed  in  water,  dried,  and  examined 
directly  in  oil. 

It  has  been  suggested  by  Pagani"  to  use  lactic  acid  instead  of  sul- 
phuric acid,  in  order  to  avoid  a  too  energetic  decolorization.  He 
claims  that  excellent  results  are  obtained  if  the  set^ond  solution  of 

*  •*  Erkliiningsversuch  f.  d.  specifisclie  Fiirbbarkeit  d.  Tuberkelbacillen/' 
Deutsch.  med.  Woch.,  1900.  V.  H.  p.  133. 

*  **  Ueber  d.  Fettbildung  clurch  verechiedene  Hakt<?rien,"  etc.,  Centralbl.  f.  allg. 
Path.  u.  path.  Anat.,  1900,  Nos.  3,  4. 

*  '*  Befund  v.  Smegmabacillen  ini  nienschliclien  Lungenauswurf/'  Berlin,  klin. 
Woch.,  1898,  No.  37. 

*  "  Einige  Bemerkungen  \i\yeT  d.  Vorkonmien  v.  Smegmabacillcn  im  Sputum," 
ibid.,  1898.  p.  880. 

'  In  its  place  Czaplewsky  recommends  the  use  of  a  solution  prepared  by  dis- 
solving 1  gram  of  fuclisin  tiigether  with  5  c.c.  of  liriuefied  carbohc  acid  in  50  c.c. 
of  glycerin  and  diluting  to  100  c.c.  with  water.  The  solution  does  not  give  rise 
to  the  unsightly  precipitates  which  are  set*n  with  the  usual  solution  of  caH)ol 
fuchsin,  unless  filtered. 

*  Ref.  in  Centralbl.  f.  Path.  u.  path.  Anat.,  1901,  vol.  xii,  p.  323. 
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Gabbet  is  replaced  by  the  following:  water,  50  c.c.;  alcohol,  50  cc; 
lactic  acid,  2.5  grams;  and  methyl  blue  to  saturation.  The  cover- 
glass  specimens  or  slides  are  immersed  in  this  solution  for  from 
fifteen  to  twenty  seconds  while  gently  agitating. 

Gabbet's  method  of  staining  is  very  convenient,  and  is  the  one 
most  generally  employed.  The  sm^ma  bacillus,  however,  is  also 
stained.* 

2.  The  Weigert-Ehrlich  Method. — Dried  specimens  are  prepared, 
and  stained  for  twenty-four  hours  with  a  solution  of  fuchsin  in  aniline- 
water.     The  staining  fluid  is  prepared  as  follows: 

A  test-tube  full  of  water  is  shaken  with  about  20  drops  of  pure 
aniline  oil  and,  after  standing  for  a  few  minutes,  filtered  through 
a  moistened  filter.  To  this  solution  a  few  drops  of  a  concentratal 
alcoholic  solution  of  fuchsin  or  of  methyl  violet  are  added  until  the 
mixture  becomes  slightly  cloudy — ^.  e.,  until  a  metallic  lustre  is  noted 
on  the  surface.  After  twenty-four  hours  the  preparations  are  washed 
with  water  in  order  to  remove  an  excess  of  staining  fluid.  They  are 
then  immersed  for  several  seconds  in  a  dilute  solution  of  nitric  or 
hydrochloric  acid  (1  to  6,  1  to  3,  or  1  to  2),  and  washed  again  with 
water  or  with  absolute  alcohol.  At  this  time  the  specimens  should 
have  a  faintly  red  or  violet  color.  They  are  then  dried,  and 
mounted  as  usual. 

If  it  is  desired  to  use  a  counter-stain,  Bismarck  brown,  vesuvin, 
or  methvlene  blue  in  waterv  solutions  may  be  used.  Into  such  a 
solution  the  specimen  is  placed  after  treatment  with  nitric  acid  and 
washing  in  water.  It  remains  for  alx)ut  two  minutes,  and  is  then 
washed,  dried,  and  mounted  as  above. 

3.  Ziehl-Neelsen's  Method. — A  mixture  of  90  parts  of  a  5  per 
cent,  solution  of  carbolic  acid  and  10  parts  of  a  concentrated  alco- 
holic solution  of  fuchsin  is  used.  The  ])rocedure  is  the  same  as  that 
described  under  the  Weigert-Ehrlich  niethd.  It  is  usually  not 
necessarv  to  stain  the  preparations  for  twenty-four  hours,  however, 
and  as  a  rule  it  is  suihcieiit  to  ])lace  a  few  drops  of  the  staining  fluid 
u])on  the  pre])aration  and  to  heat  over  the  free  flame  as  described 
when  the  specimen  is  decolorized  as  before.  In  this  manner  excellent 
results  may  be  obtained  in  a  few  minutes. 

Stained  according  to  one  of  these  methods,  the  bacilli  appear  as 
rods,  measuring  about  1.5  to  3.5  //  in  length  by  0.2  //  in  breadth 
(Plate  XVIII,  ¥i<f,  1).  ^luch  larger  specimens  may,  however,  also 
be  seen,  up  to  11  //  in  length.  '^I'he  shortest  forms  are  commonly 
straight;  the  common  types  are  usually  slightly  curved.  They 
may  occur  joined  in  chains  of  two  or  three,  and  branching  forms 
have  also  been  observed.  Occasionally  one  may  see  a  couple  of 
organisms,  each  bent  to  a  crescent,  linked  in  the  form  of  the  letter  S. 

*  Fninkcl.  l^rlin.  klin.  Worli.,  Issi,  vol.  wi,  p.  195;  and  Deutsch.  med.  Woch.. 
1887,  vol.  xvii,  p.  .V)2 
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Very  commonly  they  are  beaded,  and  it  is  possible  to  make  out 
from  1  to  8  clear  spaces  in  an  organism  which  are  separated  by 
round  or  rod-shaped  granules,  which  are  deeply  stained  and  appear 
to  lie  in  a  lightly  staining  capsule.  The  small  hyaline  bodies  were 
once  r^arded  as  spores,  but  it  is  more  likely  that  they  are  vacuoles. 
Sometimes  bacilli  are  seen  which  have  club-  or  knob-shaped  enlarge- 
ments at  the  extremities.  These  enlargements  likewise  have  been 
viewed  as  spores,  while  others  look  upon  them  as  products  of  degenera- 
tion. When  present  in  large  numbers,  the  bacilli  are  often  seen  in 
clumps,  as  though  they  had  been  agglutinated,  but  in  every  specimen 
isolated  organisms  are  also  found  scattered  through  the  field;  or 
two  or  three  in  groups. 

Cultivation  of  the  Tubercle  Badllus.— The  cultivation  of  the 
tubercle  bacillus  is  best  accomplished  on  blood  serum  or  glycerin  agar 
(agar  with  6  per  cent  of  glycerin  added)  at  a  temperature  of  37° 
or  38°  C.  Below  30°  C.  and  at  a  temperature  higher  than  42°  C. 
the  organism  does  not  grow.  Primary  inoculation  from  the  tissue 
should  be  made  on  blood  serum,  as  the  bacillus  usually  does  not 
grow  on  glycerin  agar  when  this  is  inoculated  directly  from  the 
tuberculous  focus.  Subcultures,  however,  grow  readily  on  glycerin 
agar  and  more  rapidly  than  on  blood  serum.  The  individual  colo- 
jiies  appear  like  small,  dry  scales,  which  gradually  coalesce  and  form 
a  wrinkled  film  of  a  dull,  whitish  color.  Older  cultures  present  a 
brownish  or  grayish-brown  color.  An  adequate  idea  may  be  formed 
of  the  growthi  of  the  organism  after  two  or  three  weeks.  Sunlight 
rapidly  kills  the  tubercle  bacillus. 

Number  in  Sputum. — ^The  number  of  bacilli  which  may  be  found 
in  a  sputum  varies  greatly,  and  while  in  general  it  may  be  said  that  it 
is  in  direct  ratio  to  the  intensity  of  the  disease,  and  may  thus  be  con- 
sidered of  prognostic  value,  too  much  reliance  should  not  be  placed 
upon  this  statement,  as  in  acute  miliary  tuberculosis,  and  in  cases 
that  have  gone  to  the  formation  of  cavities,  the  number  may  be  small 
or  they  may  be  absent  altogether.  In  an  incipient  case,  on  the  other 
hand,  in  a  little  mucoid  sputum  the  number  may  be  large.  If  the 
number  of  bacilli  steadily  decreases  in  a  series  of  examinations  at 
intervals  sufficiently  long,  the  patient  may  be  regarded  as  improv- 
ing, but  here  the  constitutional  symptoms  and  local  signs  give  much 
more  accurate  information. 

If  on  repeated  examination  large  numbers  of  tubercle  bacilli  are 
found,  the  disease  has  in  all  probability  advanced  to  cavitation 
(Brown). 

In  tabulating  the  number  of  tubercle  bacilli  in  reports  one  may 
adapt  Gaf!ky*s  scheme,  modified  by  L.  Brown  as  follows  {^  oil 
immersion;  ocular  1;  B.  &  L.): 

1.  Only  1  to  4  in  a  whole  preparation. 

2.  Only  1  bacillus  on  an  average  in  many  fields. 
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3.  Only  1  bacillus  on  an  average  in  each  field. 

4.  2  to  3  bacilli  on  an  average  to  each  field. 

5.  .4  to  6  bacilli  on  an  average  to  each  field. 

6.  7  to  12  bacilli  on  an  average  to  each  field. 

7.  13  to  25  bacilli  on  an  average  to  each  field. 

8.  About  50  bacilli  on  an  average  to  each  field. 

9.  100  or  more  bacilli  on  an  average  to  each  field. 
10.  Enormous  numbers  on  an  average  to  each  field. 

An  attempt  has  been  made  to  attach  prognostic  significance  to  the 
form  and  grouping  of  the  tubercle  bacilli  in  the  sputum.  To  judge 
from  the  experience  gathered  at  Saranac,  it  appears  that  virulent 
and  attenuated  forms  of  tubercle  bacilli  possess  practically  the  same 
morphology  and  that  short  bacilli  usually  represent  a  younger  growtL 
Arrangement  of  the  bacilli  in  clumps  is  more  apt  to  be  found  in  the 
severer  cases,  but  may  occur  in  all  (Brown). 

Of  the  variations  in  number  and  form  of  the  tubercle  bacilli  during 
treatment  with  Koch's  tuberculin  it  is  unnecessary  to  speak  at  this 
place,  as  the  prognostic  significance  attaching  to  such  variations  is 
questionable.* 

The  Diplococcus  Pneumonia. — ^The  Diplococcus  pneumoniae  of 
Frankel  and  Weichselbaum,  also  commonly  termed  the  pneumococcus, 
is  the  recognized  cause  of  acute  croupous  pneumonia  in  the  majority 
of  cases.  It  is  then  seen  in  the  sputum  in  laige  numbers  and  recog- 
nized by  its  capsule.  It  may,  however,  also  occur  in  the  mouth  of 
])erfectly  healthy  individuals,  so  that  its  diagnostic  significance  is 
somewhat  limited.  To  demonstrate  the  organism  smears  on  slides 
or  cover-glasses  are  placed  for  one  or  two  minutes  in  a  1  per  cent, 
solution  of  acetic  acid ;  thev  are  then  removed  and  the  excess  of  acetic 
acid  drawn  off,  when  they  are  allowed  to  dry  in  the  air;  they  are 
subsequently  placed  for  several  seconds  in  saturated  aniline-water 
and  gentian-violet  solution,  washed  in  water,  and  examined.  Rod- 
shaped  (liplococci  (Fig.  123),  surrounded  by  a  capsule,  which  latter 
is  considered  tlie  characteristic  feature  of  this  organism,  will  be  seen 
in  cases  of  acute  croupous  pneumonia.^ 

As  a  rule  the  capsule  is  not  well  shown  in  this  way.  The  best 
results  are  obtained  with  Buerger's  metJiod}  Smears  are  prepared 
as  usual.  As  soon  as  the  edges  begin  to  dry  they  are  covered  with 
Aliiller's  Huid,^  saturated  with  bichloride  of  mercury  (ordinarily  about 
5  ])er  cent.).     'I'he  specimens  are  gently  warmed  over  the  flame  for 

'  F.  risr'hol.  rntcrs.  iihcr  d.  Morphol.  u  Hiol.  d.  Tul)erciilose-Erre|tter8.  189.5. 
CiafTky.  Mittl.  aiis.  d.  Kais.  (lesimdh.  Anz.,  vol.  xi,  p.  126;  L.  Brown,  Jour. 
Anier".  Med.  Assoc..  UMKS.  vol.  xl.  j).  514. 

^  I'Yaiikcl.  Zi'it.  f.  klin.  Med.  ISSO,  vol.  ii.  p.  137.  Wcichflol!)auin,  Wien.  med. 
VVoch..  1<SS().  vol.  wxix.  pj).  i:^()l.  VXW).  VMM . 

'  Hiiorjrcr,  L.  Mod.  News..  IVc.  10.  P.M)l. 

*  C<)ni]K)sitioii  of  Mullcr's  fluid:  2.">  ^ranis  pota-ssium  bichromate,  1  gram 
sodium  siilphaU',  and  KM)  r.c.  of  water. 


BACTERIOLOGY  OF  THE  SPUTUM 


349 


about  three  seconds  (using  cover-glass  smears),  rapidly  washed  in 
water,  flushed  once  with  alcohol  (80  to  95  per  cent.),  and  then  treated 
with  ordinary  tincture  of  iodine  for  one  or  two  minutes.  The  iodine 
in  turn  is  thoroughly  washed  off  with  alcohol  and  the  preparations 
dried  in  the  air.  They  are  then  stained  for  two  to  five  seconds  with 
gentian  aniline-water  (aniline-oil  10  c.c,  water  100  c.c;  shake,  filter, 
and  add  5  c.c.  of  a  saturated  alcoholic  solution  of  gentian  violet;  or 
10  per  cent  aqueous  fuchsin  solution,  viz.,  saturated  alcoholic  solution 
of  fuchsin  10  c.c.  and  water  100  c.c).  Washing  with  a  2  per  cent, 
aqueous  solution  of  salt  completes  the  process.  The  preparations 
are  examined  in  a  drop  of  the  salt  solution  and  ringed  with  vaselin. 
With  this  method  there  is  visible  a  refractile,  deeply  staining, 
r^ularly  outlined,  narrow,  elliptical  capsule  membrane,  separate 
from  the  diplococcus  by  a  clear  area  of  capsular  substance  which 
either  remains  unstained  or  takes  a  faint  color. 


Fig.  123.-  -Pneamoooccua  ftom  booiUon  culture,  resembling  streptococcos.    (Park.) 

If  smears  are  to  be  made  from  cultures  or  from  material  which  in 
itself  is  essentially  non-albuminous,  Buerger  directs  that  a  drop  of 
blood  serum  diluted  with  an  equal  amount  of  saline  solution  should 
\ye  placed  upon  the  slide  or  cover,  and  that  the  smear  be  made  in  this. 
Epstein  finds  that  albumen-water  (egg  albumen  shaken  with  an  equal 
volume  of  water  or  normal  salt  solution)  works  just  as  well  and 
will  keep  for  two  or  three  weeks. 

The  Baeillii8  of  Inflnensa. — ^I'he  bacillus  of  influenza  was  discovered 
in  1892  by  Pfeiffer.  It  is  found  in  the  bronchial  sputum  in  large 
numbers  and  is  essentially  characterized  by  its  minute  size,  measuring 
only  0.2  to  0.3  /t  in  breadth  by  0.5  //  in  length  (Fig.  1 24).  The  organ- 
bms  occur  for  the  most  part  singly,  but  may  also  form  chains  of 
threes  and  fours.  In  suitably  stained  specimens  they  may  at  first 
sight  appear  as  diplococci,  owing  to  the  fact  that  the  poles  are  stained 
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more  deeply  than  the  intervening  portion.  Carbol  fuchsin  diluted 
in  the  proportion  of  1  to  10  with  water  stains  the  bacUlus  veiy  nA 
and  brings  out  the  polar  staining. 

The  organism  is  non-motile  and  forms  no  spores.  It  can  be  g;iown 
on  media  containing  blood  or  serum  (blood  agar,  hydrocele  agar, 
Loffler's  serum).  Human  blood  and  pigeon  blood  are  the  best 
Growth,  however,  in  any  event  is  slight  and  occurs  slowly.  In  oidtt 
to  cultivate  the  influenza  bacillus  from  the  sputum,  this  is  collected 
in  sterile  cups  and  examined  without  delay.  The  sputa  are  washed 
in  sterile  bouillon  or  sterile  normal  salt  solution  and  cultures  made  on 
blood  agar.  (Boggs*  recommends  pigeon-blood  agar  or  agar  to  which 
sterile  fetal  blood  has  been  added.)  Tiny,  water-clear  colonies  thei 
develop,  as  described  by  Pfeiffer.  On  the  fetal-blood  agar  Boggs 
noted  that  involution  forms  appear  earlier  and  in  much  greater  num- 
ber than  when  pigeon,  rabbit,  or  adult 
human  blood  was  used.  Some  of  these 
forms  are  so  large  and  irr^ular  as  to  give 
at  first  sight  the  impression  of  a  mixed 
infection. 

From  the  blood  the  organism  is  rarely 
obtained. 

Influenza-like  bacilli  have  been  found  in 
whooping-cough   sputa  by  Spengler,  Jocb- 

mann,  and  Krause,  and  more  recently  by 

Fig  124.    luuuenza  bacilli.       Wollstcin.     The  Organism  in  question  has 

been  named  the  Bacillus  pertiissis,  Eppen- 
dorf.  According  to  Spengler  the  bacillus  of  Czaplewski  and  Hensel 
is  only  a  contaminating  pseudodiphtheria  bacillus. 

To  cultivate  the  Bacillus  pertussis  the  sputum  masses  coughed  up 
after  a  ])aroxysm  are  washed  in  six  successive  beakers  of  peptone 
water  and  spread  upon  blood-agar  plates  prepared  by  mixing  placental 
blood  with  melted  agar.  The  predominating  colonies  are  then  small, 
transparent,  dew-drop  like,  and  not  surrounded  by  a  hemolytic  zone, 
as  in  the  case  of  the  pneuraococcus  and  streptococcus.  Microscopic- 
ally they  appear  as  slightly  raised,  almost  structureless  droplets. 
After  forty-eight  hours  the  colonies  show  a  slightly  granular  centre. 
The  bacilli  also  grow  in  bouillon  to  which  a  drop  of  fresh  or  hemolyze<l 
blood  is  added.  On  ascitic  fluid  agar,  glycerin  agar,  Loffler's  senim, 
plain  bouillon,  serum  broth,  milk  and  gelatin  no  growth  takes  place. 
The  organisms  are  not  motile.  '^I'hey  are  short,  plump,  ovoid, 
with  rounded  ends,  lying  singly  or  in  small  groups  between  the  pus 
and  epithelial  cells  of  the  sputum  Thev  are  decolorized  by  Gram's 
method.  Somewhat  larger  forms  are  found  in  older  cultures,  and 
Spengler  speaks  of  very  long  chains. 

»  Amer.  Jour.,  Nov.,  1905,  p.  902. 
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Wollstein*  obtained  agglutination  with  the  serum  of  the  correspond- 
ing child  in  dilutions  of  1  to  200  and  occasionally  of  1  to  500. 

The  Smegma  Bacillus. — In  a  tew  isolated  cases  the  smegma  bacil- 
lus has  been  encountered  in  the  sputum,  and,  as  I  have  already 
stated,  the  same  organism  may  normally  be  present  in  the  saliva, 
the  coating  of  the  tongue,  the  tartar  of  the  teeth,  etc.  I^ike  the 
tubercle  bacillus,  it  resists  the  decolorizing  action  of  acids  when 
once  stained,  and  may  hence  be  confounded  with  it  unless  special 
precautions  are  observed  (see  Urine). 

The  Typhoid  Bacillus. — It  has  been  conclusively  shown  that  the 
typhoid  bacillus  can  be  present  in  the  sputum  of  typhoid  patients, 
especially  if  there  is  a  coexistent  bronchitis  or  pneumonia.^ 

The  Plague  Bacillus. — ^The  plague  bacillus  is  seen  in  the  sputum 
in  enormous  numbers  in  cases  of  the  pneumonic  type  of  the  disease. 
By  direct  observation,  however,  it  may  not  be  recognized  imme<liately, 
and  it  is  best  in  every  case  to  resort  to  culture  as  well  (Fig.  44,  page 
176,  see  Blood).  The  organism  maj  be  found  in  the  sputum  on  the 
first  day  of  the  disease. 

Micrococcus  Oatarrhalis. — ^This  organism  is  frequently  seen  in  the 
sputa  and  nasal  discharge.  It  is  larger  than  the  common  staphylo- 
cocci, but,  like  these,  frequently  occurs  in  lateral  pairs,  the  contiguous 
sides  being  concave. 

Micrococcus  Tetragenus. — ^This  organism  is  frequently  seen  in  the 
sputum  under  the  most  varied  pathological  conditions- and  may  also 
occur  in  the  mouths  of  perfectly  healthy  individuals.  It  is  a  coccus 
occurring  in  fours,  each  measuring  about  1  /i  in  diameter.  The  fonn 
which  is  found  under  normal  conditions,  in  contradistinction  to  dis- 
ease, cannot  be  cultivated. 

Staphylococci  and  Streptococci  may  be  found  in  the  mouths  of 
apparently  healthy  individuals,  but  are  more  commonly  encountered 
in  inflanmiatory  conditions  of  the  most  divers  kinds.  Where  cavity 
formation  is  going  on  in  the  lungs  they  are  usually  very  numerous. 

Streptothrices. — ^Within  recent  years  there  is  a  tendency  among 
pathologists  to  abandon  the  older  terms  actinomyces,  cladothiix,  etc., 
and  to  speak  of  infections  with  branching  mycelial  organisms  under 
the  collective  term  streptothricosis,  designating  the  specific  variety  by 
its  special  term. 

Up  to  1902  about  100  cases  of  supposed  cattle  actinomycosis  had 
been  reported  in  the  United  States,  as  occurring  in  man  (Ewing), 
but  it  is  difficult  to  say  how  many  of  the  older  cases  really  belonged 
to  this  order;  in  the  light  of  recent  investigations  it  seems  not 
unlikely  that  many  were  referable  to  different  species. 

In  the  cattle  disease  yellow  granules  (so-called  sulphur  granules) 
may  be  found  in  the  pus  derived  from  actinomycotic  tumors,  in  the 


*  Jour.  Exper.  Med.,  1905,  vol.  vii,  p.  335. 
'  M.  W.  Richardsen,  Boston  Med.  and  Surg. 


Jour.,  Feb.  5,  1903. 
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sputum,  and  in  the  feces,  when  the  disease  has  attacked  the  lungs  lod 
intestines  respectively,  which  measure  from  0.5  to  2  mm,  in  diameltf. 
If  such  a  granule  is  examined  raicroscopicail^,  slight  pressure  being 
applied  to  the  cover-glass,  it  will  be  seen  to  consist  of  numerous  thioiis 
which  radiate  from  a  centre  in  a  fan-like  manner  and  present  di^ 
shaped  extremities  (Fig.  125), 

The  cattle  organism  is  terme*l  the  Streptotkria:  {Actirwrnucet)  borU 
communis  (Streptothrix  actino mycotica,  or  ray  fungus).  It  may  bt 
demonstrated  in  the  following  manner :  Dried  cover-glass  preparations 
are  stained  for  five  to  ten  minutes  with  aniline-water — gentian  violrt 
(see  Weigert-Ehrhch  stam  for  tubercle  bacilli),  when  they  are  rinsed 
m  normal  salt  solution,  dried  between  filter  paper,  and  transferral 
for  two  or  three  mmutes  to  a  solution  of  iodopotassic  iodide  (1  to  100 


or  1  to  l-W).  They  are  then  again  dried  between  layers  of  filter  pa]>er, 
dwolorized  in  xylol-aiiiline  oil  (1  to  2),  washed  in  xylol,  and  mounted  in 
balsjini.  The  myceliimi  a,-isunie,s  a  dark-blue  color.'  The  organism 
Is  acid  fast,  but  loses  its  color  on  washing  with  alcohol  (95  per  cent.). 

Ill  addition  to  the  caltle  cases  there  exists  a  group  of  pulmonarj- 
ca.se.s  which  present  the  clinical  features  of  tuberculosis,  broncho- 
pneumonia, or  ganffrene,  but  in  ivhicli  the  infecting  agent  is  a  spec-ies 
(»f  .streptotlirix  ditrerent  from  the  cattle  variety.  About  30  cases  of 
this  kind  have  been  rcpiirtcd  (l',HH>).  Different  .species  have  l>een 
<les<ril>ed,  such  as  the  Slrrphllirix  eppinger't  (Cladothrix  asteroida), 
Streptotlirix  pseuilotubercul<>sii,Flexiier;Streptothrix  hominis,  Fouler- 
ton,  and  Streptothrix  isruli. 

The  organism  is  found  in  the  sputum,  often  in  the  form  of  small, 
gray i.sh -yellow  granules.  These  are  made  up  of  a  mycelium  of 
branching  organisms,  wliich  in  the  unstained  specimen  appear  as  fine, 
homogeiiemis,  glistening  llircails,  aliont  two  to  four  times  as  wide  as  a 
tubercle  bacillus.     Thcv  arc  acid  fast,  but  can  be  decolorized  with 

'  R,  Piillauf,  f^ilzuiig.sbcr.  il.  K.  K.  fi.'«>ll8cti.  d.  Aerate  Wien,  1886. 
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alcohol.  In  such  specimens  many  of  the  threads  present  a  beaded 
appearance  and  sometimes  seem  to  be  breaking  up  into  short  rods  of 
varying  length.  With  Gram  some  varieties  stain  well,  while  others 
do  less  so.  Culture  yields  uncertain  results.  Flexner  obtained  no 
growth.  Eppinger  succeeded  with  gelatin,  inspissated  horse  serum, 
maltose  agar,  and  potato. 

LiTBRATORE. — Ashton  and  Noiria,  Jour.  Amer.  Hed.  Assoc.  Sept.  9,  1905. 
Flexner,  Trans.  Assoc.  Amer.  Phys.,  1898.  vol.  xiii.  Warthin  and  OIney,  Amer. 
Jour.,  Oct.,  1904.  W.  G.  Ewing,  Johns  Hopkins  Hosp.  BuU.,  1902,  vol.  xiii.  J. 
Rubiiih,  Annala  of  Surg.,  1899,  vol.  xxx.  (anaiysis  of  62  caaes). 

Blutoinywt«8. — In  the  rare  cases  of  systemic  blastomycosis  blasto- 
mycetes  may  l>e  demonstrable  in  the  sputum.     Such  a  case  has 


.  iialaHlnm  brdnUa 

iNDdntDaud  Ornubr.J 

been  described  by  Eisendrath  and  Ormsby.'  For  the  examination  of 
pus  or  sputum  the  writers  recommend  the  addition  of  a  little  10  per 
cent.  NaOH  solution  to  the  specimen  and  to  examine  unstained  with 
a  i  or  f  objecjive.  The  refractile  parasite  is  thus  well  brought  out. 
(Figs.  126,  127,  and  128.) 

Molds. — Of  other  fungi  which  are  occasionally  observed,  there 
may  be  mentioned  various  varieties  of  mucor  and  aspergillus.  Some 
of  these  organisms  {Mucor  corymbifer  and  Aspergillus  fumigatus) 
have  been  found  associated  with  cavity  formation  and  seem  to  have 

'  Journal  Medical  .Association,  October  7,  1905. 
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pathogenic  properties.     They  may  at  tim«s  o^■e^g^ow  (he  sapropliTtin 
bacilli  (Pnewnittuimtjoosiji  asperijillkta,  seu  miKorina).    Thej'  are  besi 
studied  in  tlie  fresh  specimen,  not  slulned  (Tigs.  129  nnd  130). 

Sarcina  polmgnalis  lius  Iieen  fuuiid  at  tim^s,  especially  in  tbc 
mycotic  liroiKliial  [iln^fs  oeeurring  in  putrid  bronchitis.  It  is  iisi- 
hIIv  smaller  tluin  (be  Siircina  venlrieiiU,  but  larger  than  the  varifrt 
observed  in  the  urine;  it  pre-'^nts  the  characteristic  form  of  the  latW, 


Oidinm  albicaaa  may  be  seen  in  children,  and  is  usually  deriq 
from  the  mouth. 

Grystals. — 0\  crystals  which  may  occur  in  sputa,  it  will  be  nee 
sary  to  consider  briefly  the  ciysUds  of  Charcol-Leyden,  heniHtoidl 
cholcsterin,  margarin.  tyrfjsin,  calcium  oxalate,  and  triple  phosphates. 

Gharcot-Leydcn   CryataJa.'— These  crystals  were  iliscovered  in  the 
sputa  of  patients  siifferitig  from  bronchial  asthma,  and  were  suppi 


'  Levden,  Virchow' 
1878,  vol.  cxciv.  o.  t 
p.  940,    BrowD, 


Arphiv,  1S72,  vol,  liv,  p.  324,   Solireintr,  Licbift'a  . 

.     L'ohii,  Cenlrolbl.  t.  nllg.  Path.  U,  path.  Aital^  V 

la,  Med.  Juitr.,  1898,  p.  1071. 
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stand  in  a  csiusalive  relittion  to  the  disease.  This  view  has  been 
abandoned,  and  it  is  known  that  they  may  oof.ur  in  other  diseases  as 
well.  But  while  their  presence  is  almost  constant  in  bronchiiil  asthma 
Kt  a  time  when  Curschmaun's  spirals  can  also  be  demonstratPil,  they 
are  only  exceptionally  met  with  in  otlicr  diseases,  such  as  acute  and 
chronic  bronchitis,  phtiiisis,  etc.  They  'kck  formerly  regarded  as 
identical  with  BoUcker's  spcrma  cryMals,  but  it  has  been  shown  that 
tlu3  is  not  the  case.     They  are  straight,  bexngonal,  double  pjTamids, 


rio. )»  — Bighet  nUBaiflcatlonot  Fig.  Ii;. 


Ipear  under  the  microscope  aa  flattened  neeillcs  of  variable  size 
^fPSg.  112),  Some  attain  a  length  of  from  4() /<  (o  (iO /(,  while  others  s re 
scartely  visible  even  witli  a  cumpanitiveiy  high  power  of  the  micn»- 
scopc  They  show  a  feeble,  positive,  double  refniction,  and  have  but 
me  optical  a.\is,  while  the  .spcrma  crystals  are  biaxial  and  strongly 
louble  refracting.  'J'heir  liehavitir  to  solvents  is  essentially  tlie 
B  sm  that  of  the  s})erma  crystals,  but  they  diJTer  from  these  in 
tolubility  in  formol.   They  are  trolored  yellow  with  Florence's 
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reagent,  while  the  sperma  crystals  are  stained  a  bluish  black.  Vot 
curiously  the  appearance  of  Charcot-Leyden  crystals  is  closely  uao- 
ctate<I  with  the  presence  of  eosinophilic  leukocytes,  and  they  hxn  I 
hence  been  termed  leukocytic  crysUtU.  They  may  in  fact  originate 
within  the  cells.  In  bronchial  asthma  it  is  not  uncommon  to  find  i 
microscopic  preparations  of  the  sputum  literally  studded  with 
eosinophilic  leukocytes  and  free  granules.  Outside  the  sputum  thej 
are  also  fountl  in  the  blood,  in  myelogenous  leukemia,  and  in  the  stool* 
in  a.'isociation  with  animal  para.sites.  They  readily  fprra  in  both 
normal  and  abnormal  re<l  bone-marrow,  and  excellent  spannwtu 
may  l)e  obtained  for  purposes  of  demon.stration  if  a  piece  of  a  rib  is 
allowed  to  remain  exposed  to  the  air  for  a  few  days.  The  marnnt 
then  usually  contains  large  numbers.  The  crj'stals  also  form  in 
<lec<>mpasing  viscera  in  general,  and  at  times  form  a  complete  covering 
of  old  anatomical  preparations. 
Their  occurrence  may  be  re- 
garded as  evidence  of  retrogres- 
sive changes  in  the  cellular 
elements  of  an  organ.  Of  the 
relation  which  they  bear  to  the 
eosinophilic  leukocytes,  with 
which  they  are  so  constantly 
associated,  nothing  is  kno«'n. 
The  Charcot-I-eyden  crj'stab 
CJin  be  stained  with  the  Iriucid 
stain,  with  thionin,  with  the 
cosinute  of  methylene  blue,  anil 
other  dyes. 

Hematoidin  cttsUIs  may  tie 
ohseneil  in  the  .sputa  following 
extrava,sations  of  blood  into  the 
lung.  They  frci]ueiitly  oc<'ur  in  the  fonn  of  niby-red  columns  or 
nft'ilU's;  aniiirjihoiis  graiuiles,  however,  are  also  seen,  enclo.sed  in  the 
bodies  of  leuk<H-yte.s,  in  which  ca.se  thev  are  pnibahly  always  indica- 
tivi'  of  11  previous  hemorrhage,  while  the  needles  are  generally 
oli.stTviMl  when  an  abscc.s.s  or  empyema  has  jwrforaled  into  the  lungs. 
The  siilislance  is  derivt'd  from  blood  pigment,  and  is  now  known 
to  be  iden'lical  witli  biiiniliin. 

Cbolesterin  crystals  are  at  times  seen  in  the  sputa  in  cases  of 
phtliisi.s,  ]>ulmi)narv  absce,s,s,  and,  in  general,  whenever  ohl  accumula- 
tions iif  jnis  have  enten'il  Ihe  lung  fnun  a  neiglil)oring  organ.  They 
are  readily  recognixcil  by  Iheir  rhanicteristic  form  and  chemical 
properties  (sw  Feces). 

Fatty  acid  crystals  are  frei|Ufnlly  oliserved  in  cases  of  putrid  bron- 
chitis and  gangrene  of  tlic  lung,  and  also  in  ca.ses  of  bronchiectasis 
an<l  phthisis.     Tlicy  occur  in  the  form  of  single  neetiles  or  groups 
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of  needles,  which  are  long  and  pointed.  They  are  easily  soluble  in 
ether  and  hot  alcohol;  insoluble  in  water  and  acids.  Chemically, 
they  are  probably  composed  of  the  higher  fatty  acids,  such  as  palmitic 
and  stearic  acids. 

Tyiosin  crystals  have  been  observed  in  cases  of  putrid  bronchitis, 
perforating  empyema,  etc.  Leoein  is  then  usually  also  present,  occur- 
ring in  the  form  of  highly  refractive  globules.  For  the  recognition 
of  these  bodies,  particularly  of  tyrosin,  a  chemical  examination  should 
always  be  made,  as  crystals  of  the  soaps  of  fatty  acids  have  frequently 
been  mistaken  for  those  of  tyrosin  (see  Urine). 

Oaleinm  oxalate  crystals  are  rarely  seen.  Fiirbringer  observed 
them  in  lai^  numbers  in  a  case  of  diabetes,  and  linger  found  them 
in  a  case  of  asthma.    They  are  readily  recognized  by  their  envelope 


Fka  190.— ABpeiglllu  Annlgatna  of  the  Ions,  partly  Khematic:  a,  mjcellnm  of  ■spergiUtis 
in  roset-like  rays;  b,  spoimngiuni.    x  286.    (Weicluelbaimi.) 


form  and  central  cross,  but  they  occur  also  in  amorphous  masses. 
They  are  soluble  in  mineral  acids;  insoluble  in  water,  alkalies,  organic 
acids,  alcohol,  and  ether. 

Triple  phosphate  crystals  also  are  rarely  seen,  but  may  occur  in 
cases  of  perforating  abscesses,  etc.  They  are  recognize<l  by  their 
coflin-lid  shape  and  the  readiness  with  which  they  dissolve  in  acetic 
acid. 

The  Pneumoconioses.  Antfaracosis. — To  some  extent  particles  of 
carbon  may  be  found  in  the  .sputum  of  almost  every  individual.  The 
expectoration  in  such  eases  is  of  a  pearl-gray  color,  and  Ls  brought 
up  in  lai^ger  or  smaller  masses,  especially  in  the  morning  upon  rising. 
I^i^r  amounts  are  noted  in  miners  and  in  tho.se  who  are  brought 
into  close  contact  with  coal-<lust.     Microscopically,  particles  of  car- 
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bon  and  epithelial  cells,  of  the  alveolar  type,  as  well  as  leukocytes 
loaded  with  the  pigment,  are  seen. 

Siderosis. — In  siderosLs  the  sputum  presents  a  bicwnish-bkck 
color  and  contains  cells  enclosing  particles  of  ferric  oxide.  These 
may  be  readily  recognized  by  treating  with  a  drop  of  ammonium 
sulphide  or  potassium  ferrocyanide  solution  in  the  presence  of  hydro- 
chloric acid,  when  a  black  color  on  the  one  hand  or  a  blue  color  on 
the  other  is  obtained  in  the  presence  of  iron. 

Ohalicosis. — In  chalicosis  silicates  are  found  in  the  sputa.^ 

OHEMISTRT  OF  THE  SPUTUM. 

In  addition  to  the  substances  described,  sputum  contains  certain 
albumins,  volatile  fatty  acids,  glycogen,  ferments,  and  various  inor- 
ganic salts. 

Among  the  albumins  may  he  mentioned  serum  albumin,  and 
especially  mucin,  which  is  often  present  in  large  amounts.  In  pneu- 
monic and  purulent  sputa  albumoses  also  have  been  found. 

In  order  to  demonstrate  the  presence  of  serum  albumin  the  sputa 
are  treated  with  dilute  acetic  acid,  when  the  filtrate  is  tested  with 
potassium  ferrocyanide,  as  described  in  the  chapter  on  Urine.  Serum 
albumin  is,  of  course,  found  in  notable  quantities  in  cases  of  edema 
of  the  lungs.  Especially  interesting  is  the  albuminous  expectoration 
which  at  times  follows  thoracentesis.  The  amount  of  sputum  usually 
varies  between  2()0  and  ^KX)  grams,  but  may  be  much  larger  and  may 
reach  20(X)  c.c.  or  even  more.  Occasionally  it  begins  before  the  tap- 
ping is  completed  or  immedijitely  after.  More  commonly,  however, 
an  interval  vanning  from  five  minutes  to  one  or  two  hours  elapses 
before  the  expectoration  begins.  Its  duration  is  variable.  Sometimes 
it  lasts  onlv  a  few  minutes,  more  often  an  hour  or  two,  and  in  rarer 
cases  a  whole  day  or  two.  The  condition  is  probably  due  to  edema 
of  the  luiigs.^ 

The  volatile  fatty  acids  contained  in  sputa  may  be  obtained  by 
diluting  with  water,  acidifying  with  phosphoric  acid,  and  distilling, 
when  the  distillate  is  further  examined  as  described  in  the  chapter 
on  Feces.  Acetic,  butyric,  |)ropi()nic,  and  capronic  acids  have  been 
found. 

The  fats  and  fixed  fattv  acids  are  extracted  from  the  residue  with 
ether,  and  shaken  with  a  solution  of  sodium  carbonate  in  order  to 
transform  thcni  into  their  sodium  salts,  when  the  ether  is  decanted 
and  evaporated,  leaving  the  soaj)s  behind. 

*  IVtts,  ''Clialicosis  Pulmonum."  .lour.  Aiikt.  Med.  Assoc.,  HKX),  No.  2. 

-  In  the  l-niteil  Stateis  cases  of  all)uniin()us  <'X{)ect oration  following  thoracentesis 
have  |X'en  reported  hy  PeojH'r,  Allen,  Pateek.  and  liiesman.  See  especially  the 
pajK^r  hv  Kiesnian.  in  winch  a  lull  aecount  of  the  literature  is  given.  Amer. 
Jour.  Med.  Sci.,  April,  11K)L>,  p.  020. 
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Glycogen  has  repeatedly  been  demonstrated  in  sputa,  and  may  be 
detected  by  Ehrlich's  method  (see  Blood). 

The  sputa  of  gangrene  of  the  lung  and  putrid  bronchitis  have  been 
shown  to  contain  a  ferment  resembling  trypsin.  In  order  to  test  for 
this,  the  sputa  are  extracted  with  glycerin;  the  examination  is  then 
continued  as  described  in  the  chapter  on  the  Examination  of  Cystic 
Contents. 

The  myelin  granules,  as  I  have  already  indicated,  consist  largely 
of  protagon,  lecithin,  and  cholesterin. 


CHAPTER   VII. 


THE  URINE. 

GENERAL  0HARA0TERI8TI08  OF  THE  URINE. 

Appearance. — Normal  urine,  just  voided  at  an  ordinary  tenlpera- 
ture,  is  either  perfectly  clear  or  but  faintly  cloudy,  owing  to  the  fact 
that  the  acid  and  normal  salts  present  are  all  soluble  in  water.  It  may 
be  stated,  as  a  general  rule,  that  whenever  a  urine  freshly  passed 
presents  a  distinct  cloudiness,  some  abnormaUty  exists. 

When  allowed  to  stand  for  a  time  a  light  cloud  develops,  which 
gradually  settles  to  the  bottom,  constituting  the  so-called  nubecula 
of  the  ancients.  Examined  under  the  microscope  this  is  found  to 
contain  a  few  round,  granular  cells,  somewhat  larger  than  normal 
leukocytes,  the  so-called  mucous  corpuscles,  and  a  few  pavement- 
epithelial  cells,  derived  from  the  bladder  or  genital  organs.  Chemi- 
cally the  nubecula  probably  consists  of  traces  of  mucus. 

When  kept  for  twenty-four  hours  at  an  ordinaiy  temperature, 
crystals  of  uric  acid  are  fretjuently  observed  in  addition  to  the  above 
elements,  usually  presenting  the  sorcalled  whetstone  form.  If,  how- 
ever, the  temperature  at  which  the  urine  is  kept  approaches  the  freezing 
point,  the  entire  volume  becomes  cloudy,  owing  to  precipitation  of 
acid  urates,  as  these  are  much  less  soluble  in  cold  than  in  warm  water; 
on  standing  they  gradually  settle  to  the  bottom  of  the  vessel  and  form 
what  is  known  as  a  scd indent,  while  the  supernatant  fluid  again  becomes 
clear. 

If  kept  still  longer  exposed  to  the  air,  at  the  temperature  of  the 
room,  the  entire  volume  of  urine  again  becomes  cloudy,  owing  to  a 
diminution  of  its  normal  acidity,  the  result  being  a  precipitation  of 
ammonio-magnesium  phosphate,  calcium  phosphate,  and  still  later, 
when  the  urine  has  become  alkaline,  of  ammonium  urate. 

Gradually  a  heavy  sediment,  containing  these  salts  in  addition  to 
the  constituents  of  the  primitive  nubecula,  forms  at  the  bottom  of  the 
vessel;  the  supernatant  fluid,  however,  remains  cloud\.  On  micro- 
scopic examination  it  will  he  seen  that  this  cloudiness  is  due  to  the 
presence  of  enormous  numbers  of  bacteria. 

The  changes  which  take  place  in  a  normal  urine  when  allowed  to 
stand  at  ordinary  temperature  niav  be  tabulated  as  follows: 
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1.  Urine  clear,  no  sediment;  reaction  acid. 

2.  Urine  slightly  cloudy,  owing  to  development  of  the  nubecula; 

reaction  acid. 

Nubecula    {   p^^^ent7^^^i^  ceMs, 

3.  Urine  clear;  the  nubecula  has  settled;  reaction  acid. 


Sediment 


Mucous  corpuscles, 
Epithelial  cells, 
Uric  acid  crystals, 
A  few  bacteria. 


4.  Urine  cloudly,  owing  to  the  precipitation  of  phosphates;  reaction 

faintly  acid  or  alkaline. 

5.  Urine  cloudy,  owii)g  to  the  presence  of  bacteria;  reaction  alkaline. 


Sediment 


i 


Bacteria, 

Mucous  corpuscles, 
Epithelial  cells. 
Triple  phosphates, 
Tricalcium  phosphate, 
Ammonium  urate. 


Color. — ^The  color  of  normal  urine  may  vary  from  a  very  light  yel- 
low to  a  brownish  red,  the  particular  shade  depending  essentially  upon 
the  specific  gravity,  becoming  lighter  with  a  diminishing  and  darker 
with  an  increasing  density.  Pathologically  the  same  rule  holds  good, 
except  in  diabetes,  in  which  a  very  high  specific  gravity  is  generally 
associated  with  a  very  light  color.  The  reaction  of  the  urine  also 
exerts  a  marked  influence  upon  its  color,  an  acid  urine  being  more 
highly  colored  than  an  alkaline  urine,  which  can  be  readily  demon- 
strated by  allowing  a  specimen  of  acid  urine  to  become  alkaline,  and 
by  treating  an  alkaline  urine  with  dilute  hydrochloric  or  acetic  acid. 
At  the  same  time  it  may  be  said  that  every  urine  darkens  slightly  on 
standing,  the  reaction  remaining  acid. 

The  various  shades  observed  in  normal  urines  may  be  grouped 
under  the  following  headings: 

1.  Pale  urines  vary  from  a  faint  yellow  to  a  straw  color. 

2.  Normally  colored  urines  are  of  a  golden  or  an  amber  yellow. 

3.  Highly  colored  urines  present  a  reddish-yellow  to  a  red  color. 

4.  Dark  urines  vary  between  brownish  red  and  reddish  brown. 
As  these  shades  may  occur  in  both  normal  and  pathological  urines, 

definite  conclusions  cannot,  as  a  rule,  be  drawn  from  mere  inspection. 
A  very  pale  urine  indicates  an  excess  of  water,  which  may  be 
normal,  but  may  also  occur  in  such  diseases  as  chronic  interstitial 
nephritis,  diabetes  mellitus,  diabetes  insipidus,  hysteria,  and  the 
various  anemias;  it  is  further  seen  during  convalescence  from  acute 
febrile  diseases,  while  a  highly  colored  urine,  though  also  occurring 
in  health,  may  indicate  the  existence  of  a  febrile  process. 
The  normal  color  of  the  urine  is  probably  owing  to  the  presence 
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of  several  pigments,  which  are  most  likely  closely  related  to  each 
other  and  to  hematin. 

In  addition  to  these  colors  others  may  be  observed  at  times  wfaidi 
are  either  pathological  or  accidental — i.  e.,  due  to  the  presence  of  cer- 
tain drugs.  The  former  are,  on  the  whole,  of  greater  importance  to 
the  physician  than  those  mentioned  above,  as  more  definite  condu- 
sions  can  be  drawn  from  their  presence.  The  most  important 
pathological  pigments  are: 

1.  Blood-coloring  matter.  The  color  in  such  cases  may  vary  from 
a  bright  carmine  to  a  jet  black,  the  exact  shade  depending  upon  the 
quantity  of  blood-coloring  matter  present,  upon  changes  diat  the 
blood  may  have  undergone  either  before  or  after  being  passed,  and 
also  upon  the  presence  of  the  pigment  in  solution  or  contained  in  red 
corpuscles. 

2.  Biliary  coloring  matter.  The  color  here  varies  from  a  greenish 
yellow  to  a  greenish  brown. 

Among  the  accidental  abnormalities  in  color  are  those  due  to  the 
presence  of  substances  like  carbolic  acid  and  its  congeners,  santonin, 
etc.     A  milky-colored  urine  is  observed  in  cases  of  chylun&- 

As  the  recognition  of  the  causes  of  such  alterations,  normal, 
pathological,  and  accidental,  largely  depends  upon  a  more  detailed 
study  of  the  individual  pigments,  this  subject  will  be  dealt  with 
more  fully  farther  on.  (See  Pigments  and  Chromogens.) 

Odor, — ^The  odor  of  the  urine  is  usually  of  little  significance. 
Normally  it  resembles  that  of  bouillon,  and  in  some  cases  that  of 
oysters;  it  is  probably  due  to  the  presence  of  several  volatile  acids. 
The  odor  of  urines  undergoing  decomposition  is  characteristic  and 
has  been  termed  *'  the  urinous  odor  of  urine,"  an  ill-chosen  term,  as 
this  odor  is  always  indicative  of  an  abnormal  condition. 

The  ingestion  of  asparagus,  onions,  oil  of  turpentine,  etc.,  pro- 
duces characteristic  odors. 

Consistence. — Urine,  while  normally  fluid  and  but  slightly  viscid, 
may  in  disease  acfjuire  a  marked  degree  of  viscidity,  which  becomes 
especially  apparent  upon  attempting  its  filtration;  the  liquid  passes 
through  the  paper  with  more  and  more  difficulty,  and  finally  clogs  its 
pores  altogether.  In  old,  neglected  cases  of  cystitis  it  may  be  ropy 
and  gelatinous. 

Quantity. — ^I'he  quantity  of  the  urine  is  normally  subject  to  great 
variations,  the  amount  eliminated  in  the  twenty-four  hours  being 
influenced  by  that  of  the  fluid  ingested,  the  nature  and  quantity  of  the 
food,  the  process  of  digestion,  the  blood  pressure,  the  surrounding 
temperature,  sleep,  exen'ise,  body  weight,  sex,  age,  etc. 

It  is  easy  to  understand,  then,  why  figures  given  by  different 
observers  in  difl'erent  countries  should  varj'  considerably.  Salkow- 
ski,  in  Germany,  thus  gives  1 ;")()()  to  1700  c.c.  as  the  normal  amount; 
V.  Jaksch,  in  Austria,  ir>00  to  2(K)0  c.c;  I^andois  and  Sterling,  in 
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England,  1000  to  1500  c.c;  Gautier,  in  France,  1250  to  1300  c.c. 
In  the  United  States  I  have  found  an  average  secretion  of  from  1000 
to  1200  c.c.  in  the  adult  male,  and  900  to  1000  c.c.  in  the  adult  female. 
It  is  thus  seen  that  the  secretion  of  urine  is  greatest  in  Germany  and 
Austria,  where  the  body  weight  and  ingestion  of  liquids  are  greater 
than  in  England,  France,  and  the  United  States. 

Children  pass  less,  but  relatively  more  (considering  their  body 
weight)  urine  than  adults. 

Women  pass  somewhat  less  than  men. 

During  the  summer  months,  when  a  larger  proportion  of  water 
is  eliminated  through  the  skin  and  lungs  than  in  cold  weather,  less 
urine  is  voided.  The  same  occurs  during  repose,  more  urine  being 
passed  during  active  exercise,  and  hence  less  during  the  night  than 
during  the  day. 

The  amount  of  urine  secreted  in  the  different  hours  of  the  day 
varies  greatly,  reaching  its  maximum  a  few  hours  after  meals.  It 
decreases  toward  night,  and  reaches  its  lowest  point  in  the  first  hours 
of  the  night,  after  which  it  begins  to  rise  rapidly  until  2  or  3  o'clock 
in  the  morning. 

The  ingestion  of  laige  amounts  of  liquid,  of  course,  increases  the 
daily  amount  considerably,  and  3000  c.c.  may  be  passed  under  such 
conditions  by  an  individual  in  good  health,  while  it  may  decrease  to 
800  or  900  c.c.  when  but  little  liquid  is  taken. 

After  the  ingestion  of  much  solid  food  the  secretion  of  urine  is 
temporarily  diminished. 

Water  containing  no  salts  possesses  distinct  diuretic  properties,  as 
do  also  beer,  wine,  coffee,  tea,  etc. 

The  most  important  medicinal  diuretics  are  digitalis,  squill,  broom, 
spirit  of  nitrous  ether,  juniper,  urea,  etc. 

Pathologically  the  amount  of  urine  varies  within  wide  limits.  In 
a  given  case,  moreover,  it  may  be  exceedingly  difficult  to  determine 
whether  or  not  the  secretion  is  within  physiological  limits.  As  a 
general  rule,  whenever  less  than  500  c.c.  or  more  than  3000  c.c.  are 
passed  some  abnormal  condition  axists,  providing  all  other  causes 
which  might  lead  to  the  secretion  of  such  an  amount  can  be  elimi- 
nated. 

Clinically  we  speak  of  polyuria  and  oliguria. 

Polyuria. — ^Polyuria  is  observed  in  many  diseases,  and  is  present 
under  such  varied  conditions  that  a  classification  is  only  warrantable 
upon  a  hypothetical  basis,  especially  as  the  causative  factors  concerned 
in  its  production  are  mostly  unknown. 

As  polyuria  is  almost  invariably  associated  with  diabetes  mel- 
litus,  its  presence  in  any  case  should  always  excite  suspicion  and 
lead  to  a  proper  examination.  The  quantity  of  fluid  eliminated  in 
diabetes  is  usually  dependent  upon  the  amount  ingested.  The  excre- 
tion of  a  proportionately  large  amount  of  fluid,  however,  does  not 
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necessarily  follow  the  ingestion  directly,  and  retention  of  a  large 
amount  may  occur;  it  has  been  shown,  as  a  matter  of  fact,  that  & 
diabetic  patient  excretes  liquids  with  greater  difficulty  than  the 
healthy  subject.  At  the  same  time  it  should  be  borne  in  mind  that 
the  polyuria  in  diabetes  is  not  necessarily  continuous,  and  that 
periods  during  which  a  normal  or  even  a  subnormal  amount  is 
observed  may  alternate  with  true  polyuria.  From  2  to  26  or  even 
50  liters  may  be  passed  within  twenty-four  hours.  Intercurrent  dis- 
eases of  a  febrile  character  may  modify  the  quantity  veiy  materially 
and  cause  the  elimination  of  a  normal  or  subnormal  amount  The 
cause  of  the  polyuria  in  diabetes  mellitus  is  unknown. 

The  polyuria  associated  with  the  resorption  of  lai^  pericardial, 
pleural,  ascitic,  and  subcutaneous  effusions  is  more  readily  unde^ 
stood,  although  the  primum  mobile  may  be  unknown;  it  depoxk 
in  such  cases  entirely  upon  the  presence  of  excessive  quantities  of 
fluid  in  the  bloodvessels. 

A  form  of  poljoiria  which  has  been  termed  "epicritic  polyuria" 
is  frecjuently  observed  during  convalescence  from  acute  febrile  dis- 
eases, and  is  of  prognostic  importance.  Its  occurrence  in  a  given 
case  is  regarded  by  many  as  a  good  omen,  especially  in  typhoid 
fever;  still  it  must  not  be  forgotten  that  a  polyuria  may  occur  after 
subsidence  of  the  fever,  and  be  followed  by  a  considerable  d^ree  of 
oliguria,  and  in  some  cases  may  precede  death.  A  polyuria  of  this 
kind  probably  always  indicates  the  elimination  of  waste  products 
which  have  accumulated  in  the  blood  during  the  course  of  the  disease, 
but  it  may,  at  the  same  time,  he  due  to  the  presence  of  retained  water. 

Second  in  constancy  is  the  polyuria  associated  with  granular 
atrophy  of  the  kidneys.  Cases  have  been  reported  in  w^hich  10,000 
c.c.  of  urine  were  secreted  in  the  twentv-four  hours;  2000  to  4000 
c.c.  represent  the  usual  amount. 

Polyuria  is  of  frecjuent  occurrence  early  in  the  course  of  renal  tuber- 
culosis, the  increase  amounting  to  one-half  of  the  normal  amount 

Very  curiously,  polyuria  may  occur  also  in  association  with  mul- 
tiple myelomas  of  the  bones  and  the  presence  of  Bence  Jones* 
albumin  in  the  urine.  In  one  of  the  cases  reported  by  Hamburger,* 
which  1  had  occasion  to  study  in  greater  detail  from  a  chemical 
point  of  view,  3500  c.c.  were  voided  in  the  twenty-four  hours.  The 
symj)tom,  however,  is  not  constant. 

Polyuria,  furthermore,  has  been  ohser\'ed  in  the  most  diverse 
disetises  of  the  nervous  system,  both  functional  and  organic.  It  Ls 
frecjuently  observed  both  as  a  transitory  and  a  more  or  less  per- 
manent symptom  in  cases  of  hysteria.  Large  quantities  of  a  very 
pale   urine   are   secreted   after   i\w   occurrence  of  severe  hysterical 

*  "Two  K\ainpl(*s  of  I^'iicc  Jones'  Allmininiiria  associated  with  Multiple  Mye- 
loma," Johns  Hopkins  Hosp.  Hull.,  Vo\).,  1*M)1.  (\  E.  Simon,  .\mer.  Jour.  Med. 
Sci.,  1902,  vol.  cwiii.  p.  9r>t. 
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seizures,  but  the  same  may  be  observed  throughout  the  course  of 
the  disease.  A  similar  condition  is  frequently  seen  in  neurasthenia, 
siigraine,  chorea,  and  epilepsy. 

Generally  speaking,  it  may  be  said  that  a  paroocysmal  polyuria  in 
nervous  diseases  is  associated  with  functional  derangement,  while 
a  continvous  polyuria  appears  to  be  connected  rather  with  true 
organic  changes.  It  has  been  observed  in  certain  cases  of  tabes, 
cerebrospinal  and  spinal  meningitis;  during  the  first  stage  of  general 
paresis;  in  association  with  tumors  involving  the  medulla,  the  cere- 
bellum, and  the  spinal  cord;  in  injuries  aflFecting  the  central  nervous 
system,  in  Basedow's  disease,  etc.  Cases  of  idiopathic  diabetes 
insipidus  also  should  probably  be  classified  under  this  heading. 
Enormous  quantities  of  urine  may  be  secreted  in  this  disease,  which 
are  equalled  only  by  cases  of  diabetes  mellitus,  and  may  at  times 
reach  43  liters  per  diem. 

Oliguria. — Oliguria  is,  on  the  whole,  more  frequent  than  polyuria, 
and  is  met  with  in  almost  all  conditions  associated  with  a  lowere<l 
blood  pressure.  First  in  order  stand  those  cases  of  cardiac  disease 
in  which  compensation  has  failed,  whether  the  cardiac  weakness  is 
primary  or  occurs  secondarily  to  other  diseases — i.  e,,  pulmonary, 
hepatic,  and  renal. 

The  oliguria  observed  in  the  so-called  continued  fevers,  notably 
typhoid  fever,  is  probably  also  referable  to  cardiac  weakness.  It 
should  be  remembered,  however,  that  a  larger  proportion  of  water 
is  eliminated  through  the  skin  and  lungs  than  normally,  and  that 
a  retention  of  fluids  also  undoubtedly  occurs  which  is  not  due  to 
cardiac  weakness;  still  other  factors  may  be  concerned  in  its  pro- 
duction. 

The  oliguria  occurring  in  acute  nephritis  and  in  chronic  paren- 
chymatous nephritis  in  all  probability  depends  largely  upon  mechani- 
cal causes,  the  increased  intra-canalicular  resistance  in  the  form  of 
desquamated  epithelium  and  tube  casts,  as  well  as  the  pressure  of 
the  exudate  upon  the  bloodvessels  obstructing  the  passage  of  urine, 
while  the  functional  activity  of  the  diseased  glandular  elements  is  at 
the  same  time  lowered.  Upon  mechanical  causes,  also,  depend  all 
those  cases  of  oliguria  which  are  associated  with  the  presence  of  a 
stone  or  tumor  pressing  upon  a  portion  of  the  urinary  tract. 

Oliguria  may  occur  as  a  nervous  manifestation  in  connection  with 
puerperal  eclampsia,  lead  colic,  hysteria,  psychic  depression,  preced- 
ing and  during  epileptic  seizures,  etc.  Whenever  there  is  a  diminu- 
tion in  the  amount  of  bodily  fluids  oliguria  is  also  observed;  this  is 
particularly  marked  in  cholera  and  following  severe  hemorrhage. 

Obstruction  to  the  flow  of  blood  in  the  vena  cava  or  liver,  lead- 
ing to  an  increase  of  venous  pressure  and  a  decrease  of  arterial 
pressure  in  the  kidneys,  likewise  results  in  oliguria,  as  is  seen  in 
atrophic  hepatic  cirrhosis,  acute  yellow  atrophy,  thrombosis  of  the 
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vena  cava  and  the  renal  vein,  or  in  cases  in  which  pressure  is  exerted 
upon  these  by  tumors,  ascitic  fluid,  etc. 

In  any  case  the  oliguria  may  go  on  to  complete  anuria,  which 
condition  not  infrequently  precedes  death.  Anuria  may,  however, 
also  occur  independently  of  a  preexisting  oliguria,  as  in  hysteria. 

Specific  Oravity. — ^The  specific  gravity  of  normal  urine  varies 
between  1.015  and  1.025,  corresponding  to  1200  to  1500  c.c,  viz.,  the 
normal  amount  of  urine  voided  in  twenty-four  hours.  Pathologically, 
a  specific  gravity  of  1.002  on  the  one  hand  and  1.060  on  the  other  may 
occur,  depending  upon  the  amount  of  solids  and  fluids  present,  increas- 
ing as  the  solids  increase,  the  amount  of  urine  remaining  the  same, 
and  decreasing  as  the  amount  of  fluid  increases,  the  solids  remaining 
the  same.  The  specific  gravity  is  thus  an  index  in  a  general  way  of 
the  metabolic  processes  taking  place  in  the  body. 

The  necessity  of  determining  the  specific  gravity  of  the  total 
amount  of  urine  voided  in  a  given  case,  and  not  that  of  an  individual 
specimen  passed  during  the  twenty-four  hours,  becomes  ^parent 
upon  considering  the  variations  which  may  occur  in  the  quantity  of 
solids  and  liquids  ingested  during  the  day.    The  ingestion  of  large 
amounts  of  fluid  would,   of   course,    result    in    the   passage  of  a 
correspondingly  large  quantity  of  urine  within  the  next  few  hours, 
containing  but  a  small  amount  of  solids,  and  hence  presenting  a  low 
specific  gravity.     From  such  an  observation  it  would  be  erroneous 
to  infer  a  diminished  excretion  of  solids  for  the  day,  as  succeeding 
specimens  would  in  all  probability  be  pa^ssed  presenting  a  higher 
specific   gravity.     An    observation    made    upon    a   specimen    taken 
from  the  collected  urine    of  the  twentv-four  hours  moreover,  can 
only  then  convey  a  correct  idea  if  the  total  quantity  is  known. 

From  the  specific  gravity  the  amount  of  solids  can  be  calculated 
with  sufficient  accuracy  for  clinical  purposes  by  multiplying  the  last 
two  decimal  points  by  2,  the  number  obtained  indicating  the  amount 
of  solids  in  1(K)0  c.c.  of  urine. 

Vtovc\  the  rule,  that  the  specific  gravity  of  a  urine  is  inversely  pro- 
portionate to  the  amount  of  fluid  eliminated,  it  must  follow  that 
whatever  causes  produce  oliguria  will  also  produce  a  high  specific 
gravity,  while  all  those  causes  which  produce  polyuria  will  similarly 
produce  a  low  spec'ific  gravity,  with  the  following  exceptions: 

1.  A  diminished  amount  of  urine  with  a  lowered  specific  gravity 
occurs  in  many  chronic  diseases  and  toward  the  fatal  termination  of 
acute  diseases,  indicating  a  defective  elimination  of  solids. 

2.  The  same  mav  be  observed  in  certain  cases  of  edema. 

3.  Following  (»opious  diarrhea,  vomiting,  and  sweating. 

4.  A  high  specific  gravity  is  associated  with  polyuria  in  diabetes 
mellitus. 

Unfortunately  tlie  dctennination  of  the  sp^ific  gravity  and  the 
solids  contained  in  urine  docs  not  furnish  as  valuable  information 
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lany  cases  as  would  be  expected  a  priori.  This  is  largely  owing 
he  fact  that  the  organic  constituents  of  the  urine  have  a  lower 
nfic  gravi^  than  the  inorganic  salts,  and  especially  the  chlorides, 
ch  are  usually  present  in  considerable  amount.  It  thus  not  infre- 
ntly  happens  that  the  nitrogenous  constituents  are  considerably 
eased,  while  the  specific  gravity  is  relatively  low,  owing  to  the 
mce  or  a  diminution  in  the  amount  of  chlorides.     In  otherwords, 


while  the  sjiecific  gravity  may  l>e  regar<le<l 
as  a  fair  index  of  the  total  amount  of 
.solids  excrete*!,  its  increase  or  decTease 
furnishes  no  information  as  to  the  nature 
of  the  con-stituent-s  causing  such  a  change. 
Detemunation  of  Specific  Oravity. 
— ^The  specific  gravity  of  the  urine  is  mast 
conveniently  determined  by  means  of  a 
hydrometer  indicating  degrees  varj-ing 
from  1.002  to  1.040.  Such  instniments, 
con.structed  especially  for  the  examina- 
tion of  urine,  are  termed  urinometers 
(Fig.  131).  A  good  instrument  should 
have  a  stem  upon  which  the  individual 

isions  are  at  least  1 .5  mm.  apart,  and  each  division  should  corre- 

nd  to  0.5  degree. 

Jrinometers  may  also  be  purchased  which  are  providetl  with  a 

rmometer.     Every  instrument  should  l)e  carefully  tested  by  com- 

i»n  with  a  standard  hydrometer, 

n  order  to  determine  the  spn-itic  gravity  in  a  given  case  a  cylindrical 

iel  is  neariy  filled  with  urine  and  the  unnometer  slowly  introduced, 


Fro,  131.— Urii 
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the  reading    being   taken  at  the  lower  meniscus  as   soon  as  the 
instrument  has  come  to  rest. 

Precautions:  1.  The  urinometer  must  be  given  ample  room,  and 
the  reading  should  never  be  taken  when  the  instrument  touches  the 
sides  of  the  vessel,  as  owing  to  capillary  attraction  it  is  otherwise 
raised,  causing  the  reading  to  be  too  high. 

2.  The  instrument  must  be  perfectly  dry  and  clean  before  being 
used,  and  should  never  be  allowed  to  "drop"  into  the  urine,  as  other- 
wise the  weight  of  the  instrument  is  increased  by  adhering  drops  of 
fluid,  and  the  reading  is  too  low. 

3.  Any  foam  upon  the  surface  of  the  urine  should  first  be  removed 
by  means  of  a  piece  of  filter  paper,  as  it  interferes  with  the  accuracy 
of  the  reading;  bubbles  of  air  adhering  to  the  instrument,  and  thereby 
elevating  it,  should  be  removed  with  a  feather. 

4.  The  specific  gravity  should  always  be  determined  in  specimens 
taken  from  the  twenty-four-hour  urine. 

5.  If  the  quantity  of  urine  is  too  small  to  determine  its  specific 
gravity  with  a  urinometer,  the  following  method  may  be  employed: 

About  50  c.c.  of  urine  are  measured  into  a  small  bottle  provided 
with  a  ground-glass  stopper,  or  into  a  pyknometer  like  the  one  pic- 
tured in  Fig.  132,  and  accurately  weighed.  The  weight  of  the  urine 
divided  by  its  \olume  gives  the  specific  gravity,  which  must,  howevtr, 
be  corrected  for  the  temperature  of  the  urine.  If  accuracy  is  re- 
quired, such  corrections  should  be  made  in  every  case,  as  the  specific 
gravity  increases  or  decreases  by  1°  for  everj'  3°  C.  -above  or  below 
the  point  for  which  the  instrument  is  registered,  viz.,  15^  C. 

Determination  of  the  Solid  Constituents. — As  indicated  alK)ve,  the 
amount  of  solids  can  be  calculated  with  a  degree  of  accuracy  sufficient 
for  clinical  pur[)oses  by  multiplying  the  last  two  figures  of  the  specific 
gravity  by  2;  the  number  obtained  indicates  the  amount  of  solids  in 
even'  KKK)  c.c.  of  urine.  If  greater  accuracy  is  required,  the  follow- 
ing nieth(Hl  may  be  employed:  5  c.c.  of  urine,  accurately  measured, 
are  placed  in  a  watch-crvstal  containing  a  little  drj'  sand  (sand  and 
crvstiil  having  been  previously  weighed) ;  this  is  placed  over  a  dish  con- 
taining concentrated  sulphuric  acid»  and  under  the  receiver  of  an  air 
pump  which  has  been  made  perfectly  air-tight  by  thoroughly  lubricat- 
ing the  ground-glass  edge  of  the  bell  with  mutton  tallow  and  applying 
the  bell  with  a  slightly  grinding  movement  to  the  ground-glass  plate. 
The  receiver  is  now  exhausted  and  the  urine  allowed  to  remain  in 
the  vacuum  for  twenty-four  hours,  when  the  bell  is  again  exhausted 
and  left  for  twentv-four  hours  longer;  at  the  end  of  this  time  the 
crystal  is  weighed,  the  difference  between  the  two  weights  obtained 
indicating  the  amount  of  solids  in  5  c.c.  of  urine,  from  which  the. 
percentage  and  total  amount  are  readily  calculateil. 

The  slight  loss  of  ammonia   which  results  when  this  method  is 
employed  scarcely  affects  the  accuracy  of  the  result. 
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Reaction. — ^The  reaction  of  the  twenty-four-hour  urine  is,  as  a  rule, 
jcid;  individual  spec^imens,  passed  in  the  course  of  the  same  twenty- 
our  hours,  may  be  either  alkaline,  acid,  or  amphoteric. 

It  has  been  generally  held  in  the  past  that  the  acid  reaction  of 
onnal  urine  is  due  to  the  presence  of  diacid  phosphates.  But  it 
ras  assumed  also  that  monosodium  phosphate  was  present  at  the  same 
ime.  Folin^  has  shown  that  this  assumption  is  not  correct,  that  the 
•hosphates  in  clear  urine  are  all  of  the  monobasic  kind,  and  that  the 
cidity  of  such  urines  is  ordinarily  greater  than  the  acidity  of  all  the 
»hosphates,  the  excess  being  due  to  free  organic  acids. 

An  alkaline  urine  results  when  the  alkalies  exceed  the  acid  equiva- 
eiits  in  amount.  This  may  occur  under  normal  conditions  (see  below), 
md  is  then  due  to  a  preponderance  of  monacid  over  diacid  phos- 
phates. An  amphoteric  urine  (red  litmus  turned  blue  and  blue  litmus 
«d)  is  the  outcome,  when  the  acid  equivalents  of  diacid  phosphates 
jqual  the  basic  equivalents  of  the  monophosphates;  this  is  essentially 
in  accidental  occurrence. 

As  the  alkalinity  of  the  blood  increases  the  acidity  of  the  urine 
lecreases,  until  an  alkaline  urine  results.  The  degree  of  the  alkalinity 
>f  the  blood,  however,  depends  essentially  upon  the  nature  of  the 
ood  and  the  secretion  of  the  gastric  juice,  viz.,  the  hydrochloric  acid. 
The  ingestion  of  vegetable  food,  rich  in  salts  of  organic  acids,  which 
become  oxidized  in  the  body  to  the  carbonates  of  the  alkalies,  will 
result  in  the  passage  of  an  alkaline  urine,  for  the  alkalies  thus  formed 
jvhen  absorbed  into  the  blood  are  more  than  sufficient  to  neutralize 
x)mpletely  all  the  acids  present,  and  the  elimination  of  neutral 
sodium  phosphate  alone  takes  place.  In  the  case  of  animal  food  the 
"everse  holds  good.  The  alkaline  carbonates  here  formed  are  not 
sufficient  to  neutralize  the  excess  of  acids,  and  diacid  phosphate  of 
Kxlium  is  hence  eliminated  in  large  quantity.^ 

As  the  alkalinity  of  the  blood  is  increased  during  the  secretion 
y{  the  acid  gastric  juice,  it  may  frecjuently  happen,  especially  follow- 
ng  the  ingestion  of  a  large  amount  of  food,  that  an  alkaline  urine 
s  voided.  If  this  does  not  take  place,  the  acidity  of  the  urine  is  at 
east  diminished,  but  increases  again  during  the  process  of  resorp- 
;ion.' 

If  an  acid  urine  is  allowe<l  to  stand  exposed  to  the  air  for  a  cer- 
ain  length  of  time,  its  degree  of  acidity  gradually  diminishes  and 
;he  reaction  finally  l)ecomes  alkaline.  At  the  same  time  the  urine 
jeeomes  cloudy  and  deposits  a  sediment,  which  consists  of  ammonio- 
Tiagnesium  phosphate,  MgNH^PO^  +  SHjO,  neutral  calcium  phos- 
phate, Ca3(POj3,  and  still  later  contains  ammonium  urate,  CgH^- 
^NH^)jN^Oj,  in  addition  to  the  constituents  of  the  primitive  nubecula 

*  Amer.  Jour,  of  Physiol.,  Feb.,  1905,  vol.  xiii. 

'  E.  Salkowskl  u.  J.  Munk,  Virchow's  Archiv,  1877,  vol.  IxxN-i,  p.  500. 

'  Quincke,  Zeit.  f.  klin.  Med.,  vol.  vii. 
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— i.  e.,  a  few  mucous  corpuscles  and  pavement  epithelial  cdls.  Hie 
entire  volume  of  urine,  moreover,  remains  cloudy,  owing  to  die 
presence  of  innumerable  bacteria.  The  odor  becomes  extreme^ 
disagreeable  and  distinctly  ''urinous."  In  short,  ''anmioniacal  de- 
composition" has  occurred.  This  has  been  shown  to  dep^  xsffXL 
the  action  of  certain  bacteria,  notably  the  Micrococcus  uiee  and  die 
Bacterium  urese,  which  are  present  in  the  air.^  These  organisms  cause 
the  decomposition  of  the  urea  found  in  every  urine,  with  the  fonna- 
tion  of  ammonium  carlx)nate,  according  to  the  following  equatioDs: 

CO(NH,),  +2HaO  =  (NHJaCJO, 
(NH4)2a)a=2NHa  +H,0  +CO2. 

An  alkaline  urine,  the  alkalinity  of  which  is  not  due  to  ammo- 
niacal   fermentation,   however,    but   to   other  causes,   as  indicated 
above,  may,  of  course,  undei^  the  same  change  as  an  acid  urine; 
but  it  Ls  necessary  to  distinguish  sharply  between  these  two  varieties 
of  alkaline  urines,  as  the  recognition  of  the  cause  of  the  alkalinity  is 
very  often  most  important  in  diagnosis.    The  distinction  is  readily 
made  by  fastening  a  piece  of  sensitive  red  litmus  paper  in  the  cork 
of  the  bottle  containing  the  urine.     If  the  alkalinity  of  the  urine  b 
due  to  the  presence  of  ammonia,  the  litmus  paper  will  turn  blue,  but 
soon  changes  to  red  when  exposed  to  the  air;  while    a  urine  the 
alkalinity  of  which  is  due  to  the  presence  of  fixed  alkalies  will  turn 
red  litmus  paper  blue  only  when  immersed  in  the  urine,  the  change 
in  color  at  the  siime  time  persisting. 

As  ammoniacal  decomposition  can  also  occur  within  the  urinary 
passages,  it  is  important,  whenever  an  alkaline  reaction  due  to  the 
presence  of  ammonia  is  observed,  to  test  the  urine  at  once  upon  bebg 
voided,  or,  still  better,  to  procure  a  portion  with  a  catheter.  Such 
urines  are  fre(jueiitly  seen  in  cases  of  cystitis  the  result  of  paralysis 
urethral  stricture,  gonorrhea,  etc.  In  this  connection  it  is  interest- 
ing to  note  tliat  whereas  in  old,  neglected  cases  of  cystitis  an  alkaline 
reaction  is  fretjuently  ohsened,  Brown  has  shown  that  in  the  great 
majority  of  cases  of  cystitis,  both  acute  and  chronic,  and  also  in  those 
of  pyelitis  and  pyelonephritis,  the  urine  is  acid.^ 

An  intensely  acid  reac^tion  is  ol)ser\-ed  in  almost  all  concentrated 
urines,  especially  in  fevers,  in  certain  diseases  of  the  stomach  asso- 
ciated with  a  diminished  or  suspended  secretion  of  hydrochloric  acid, 
in  gout,  lithiasis,  acute  articular  rheumatism,  chronic  Bright's  dis- 
ease, diabetes,  leukemia,  scurvv,  etc.  Whenever  a  verv  acid  urine 
is  secreted  for  a  considerdhle  length  of  time,  the  possibility  of  renal 
irritation  and  the  formation  of  concretions  should  be  borne  in  mind. 

An  alkaline  urine  the  alkalinity  of  which  is  not  owing  to  the  pres- 

*  W.  Ijcuhe,  "  rdxT  die  aininoniakalischc  Harngahrung,"  Virchow's  Archiv, 
1885,  vol.  c,  p.  555. 
'  T.  R.  Brown,  Johns  Hopkins  liosp.  Hep.,  11K)1,  vol.  x,  p.  11. 
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ence  of  ammonia,  but  to  fixed  alkali,  is  observed  in  certain  cases 
of  debility,  especially  in  the  various  forms  of  anemia,  following  the 
resorption  of  alkaline  transudates,  the  transfusion  of  blood,  frequent 
vomiting,  a  prolonged  cold  bath,  etc.  It  may  also  be  due  to  the 
ingestion  of  certain  drugs,  viz.,  salts  of  the  organc  acids  and  alkaline 
carbonates,  the  former  being  transformed  into  the  latter,  as  has  been 
mentioned.  An  increase  in  the  degree  of  acidity  may  similarly  take 
place  after  the  ingestion  of  mineral  acids. 

Of  interest  is  the  observation  of  Pick*  that  in  twenty-four  to  forty- 
eight  hours  after  the  crisis  in  pneumonia  the  urine  shows  a  marked 
decrease  in  its  acidity,  becoming  neutral  or  even  alkaline.  This 
phenomenon,  which  was  observed  in  31  out  of  38  cases,  persists 
for  a  day  or  a  day  and  a  half,  and  then  the  acidity  returns.  In  all 
likelihood  the  change  is  due  to  absorption  of  the  large  amounts  of 
sodium  which  are  present  in  the  exudate. 

An  increase  in  the  acidity  of  the  urine  upon  standing  has  repeat- 
edly been  observed,  and  is  probably  due  to  the  formation  of  new 
acids  from  preexisting  acid-yielding  substances,  such  as  certain 
carbohydrates,  alcohol,  etc.,  which  have  undergone  fermentation. 
This  phenomenon  is  frequently  observed  in  diabetic  patients. 

A  decrease  in  the  acidity  of  normal  urine  upon  standing,  however, 
is  the  rule,  owing  to  a  gradual  decomposition  of  sodium  urate  by 
the  acid  sodium  phosphate,  acid  sodium  urate,  and,  later  on,  uric 
acid  resulting,  which  are  thrown  down  as  a  sediment  in  consecjuence 
of  the  diminished  acidity  of  the  urine,  and  which,  hence,  no  longer 
influence  its  reaction.     This  is  shown  in  the  equations: 

1.  NaH^PO^  +C5H,NajN40,  =  Na2HPO«  +C5H3NaN403. 

2.  NaH,P04  +C5H3Na  N403  =  Na^HPO^  +034X40,. 

Determination  of  the  Acidity  of  the  Urine.— Folin  has  shown  that 

the  methods  of  Freund,  Lieblein  and  Nageli,  which  have  heretofore 
been  largely  in  use,  are  inapplicable  and  has  suggested  the  following 
procedure: 

Folin's  Method. — The  total  acidity  which  indicates  the  acidity  due 
to  diacid  phosphates  and  free  organic  acids  is  first  determined  as 
follows:  25  c.c.  of  urine  are  treated  with  1  or  at  most  2  drops  of  \ 
per  cent,  alcoholic  solution  of  phenolphthalein  and  15  to  20  grams  of 
powdei^  potassium  oxalate.  The  solution  is  shaken  for  about  a 
minute  and  titrated  at  once  .with  decinormal  sodium  hydrate  solution 
until  a  faint,  yet  distinct  pink  color  is  obtained.  The  flask  should  be 
shaken  during  the  titration,  so  as  to  keep  the  solution  as  strong  as 
possible  in  oxalate.  The  acidity  is  expressed  in  terms  of  decinormal 
sodium  hydrate  solution  for  the  total  amount  of  urine  of  twenty-four 
hours.    The  total  acidity  is  termed  T. 

>  "The  Urine  in  Pneumonia,"  Miinch.  med.  Woch.,  1898,  No.  17. 
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In  a  second  specimen  the  total  phosphates  are  then  detanuDed, 
the  value  being  termed  P  (see  Phosphates).  The  result  is  expressed  io 
terms  of  decinormal  acid,  viz.,  alkali  as  above  (1  c.a  yV  =  7.1  mgrms. 
of  PjOg).  T  minus  P  then  indicates  the  acidity  due  to  uncombined 
oiganic  acids  (O.  A.),  and  the  difference  the  mineral  acidity  (M.  A.). 

It  may  happen  that  the  acidity  calculated  from  the  total  phosphates 
is  greater  than  the  titrated  acidity;  in  that  case  practically  no  free 
organic  acids  are  present  and  the  titrated  acidity  represents  the 
amount  of  phosphates  present  in  the  diacid  form.  Urines  of  this  kind 
are  turbid,  unless  they  are  also  free  from  calcium  (Folin). 

As  average  normal  value  for  the  acidities  of  the  total  bulk  of  twenty- 
four  hours'  urine  Folin  obtained  617  (c.c.  -j^  n.  acid,  viz.,  alkali),  of 
which  304  was  referable  to  mineral  and  313  to  organic  acidity.  The 
corresponding  minimal  and  maximal  values  were  T  554,  viz.,  669; 
M.  A.  204,  viz.,  417;  O.  A.  252,  viz.,  378. 

With  this  method  a  complete  revision  of  all  the  work  previously 
done  will  be  necessary.  The  older  results  given  above  have  reference 
only  to  the  old  method  of  titration  with  a  one-tenth  normal  solution  of 
sodium  hydrate. 

Literature. — Folin,  Amer.  Jour,  of  Physiol.,  1903,  vol.  ix,  p.  265 ;  and  ibid., 
1905,  Feb.,  pp.  53  and  54,  and  ibid.,  p.  102. 

Determination  of  the  Mineral  Acidity  or  the  Excess  of  Blineral 

Acids  or  Bases. — Folin's  method  may  be  employed  instead  of 
determining  all  the  different  metals  and  acids  separately  as  Bunge, 
Magnus  Levy  and  others  have  done. 

To  25  c.c.  of  urine  in  a  platinum  dLsh  is  added  from  0.3  to  0.5 
gram  of  potassium  carbonate,  weighed  within  an  accuracy  of  two- 
tenths  of  a  nignn.  The  solution  is  evaporated  to  dryness,  and  the 
residue  ignite(i,  when  perfectly  dry,  over  a  radial  burner,  using  at  first 
a  very  low  heat,  and  at  no  time  allowing  the  dish  to  become  more 
than  faintly  reel  hot.  The  dish  is  heated  at  this  temperature  for  one 
hour,  then  cooled,  when  10  c.c.  of  hydmgen  peroxide  are  added  and 
evaporated.  The  dried  residue  is  ignited  as  before  for  one  hour. 
It  is  dissolved  in  an  excess  of  tenth  normal  hydrochloric  acid  and  water 
(50  to  75  c.c.  y'()  HCl),  transfernxl  to  an  Erlenmeyer  flask,  boiled 
to  remove  carbonic  acid,  and  cooled.  One  or  two  drops  of  phenol- 
phthalein  solution  and  a  few  crystals  of  neutral  potassium  oxalate 
(to  precipitate  the  calcium)  are  added,  and  the  solution  titrated  as 
usual.  The  ammonia,  the  acidity  of  the  hydrogen  peroxide,  and  the 
acidity  of  the  organic  sulphur  (neutral  and  ethereal,  8  grams  of  which 
are  tiiken  to  represent  1  c.c.  tenth  normal  acid)  must  be  subtracted 
from  the  result  given  by  the  direct  titration.  These  values,  as  well 
as  the  acidimetric  value  of  the  potassium  carbonate,  must  be  separately 
determined. 

This  procedure  gives  very  reliable  results,  if  proper  care  is  used 
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ID  the  evaporation  and  the  burning  of  the  urine.  It  is  to  be  used  only 
when  the  actual  excess  of  mineral  acids  above  that  necessary  for 
the  neutralization  of  the  mineral  bases  is  to  be  estimated,  or  when 
the  total  amount  of  organic  acids  in  urine  (whether  free  or  combined 
with  bases)  is  to  be  determined  (Folin). 


CHEMISTRY  OF  THE  URINE. 

General  Chemical  Composition  of  the  Urine.  — A  general  idea  of 
the  chemical  composition  of  the  urine  and  the  quantitative  variations 
of  the  individual  components  may  be  formed  from  the  following 
table,  which  I  have  constructed  from  analyses  made  in  my  labo- 
ratory. The  individuals  from  which  the  urines  were  obtained  were 
adults,  and  their  general  mode  of  life,  as  regards  diet,  exercise,  etc., 
was  that  of  the  average  American  city  dweller.  In  addition,  the 
following  substances  may  be  encountered  under  pathological  con- 
ditions: serum  albumin,  serum  globulin,  albumoses,  mucin  (nucleo- 
albumin),  glucose,  lactose,  inosit,  dextrin,  biliary  constituents,  viz., 
bile  acids  and  bile  pigments,  blood  pigments,  melanin,  leucin,  tyro- 
sin,  oxybutyric  acid,  allantoin,  fat,  lecithin,  cholesterin,  acetone, 
alcohol,  Baumstark's  substance,  urocaninic  acid,  cystin,  hydrogen 
sulphide,  and  still  others. 

Analysis  op  Urine. 

Water 1200-1700  grams. 

Solids 60.0 

Inorganic  solids 25.0-26.0       " 

Sulphuric  acid  (H^SOO 2.0-2.5       " 

Phosphoric  acid  (PA)5) 2.5-3.5      " 

Chlorine  (NaG) 10.0-15.0       " 

Potassium  (K,0) 3.3 

Calcium  (CaO) 0.2-0.4 

Magnesium  (Mg()) 0.5 

Ammonia  (NHj) 0.7 

Fluorides,  nitrates,  etc 0.2 

Organic  solids 20.0-35.0 

Urea 20.0-30.0      " 

Uric  acid 0.2-  1.0       " 

Xanthin  bases 1.0  " 

Kreatinin 0.05-0.08    " 

Oxalic  acid 0.05 

Conjugate  sulphates 0.12-0.25 

Hippuric  acid 0 .  65-0 . 7 

Volatile  fattv  acid 0.05 

Other  organic  solids 2.5 
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Estimation  of  the  Mineral  Ash  of  the  Urine.— In 

order  to  estimate  the  amount  of  mineral  ash  in  the  urine  the  follow- 
ing method  may  be  employe<l :  .5()  c.c.  of  urine  are  evaporate<l  to  dryness 
in  a  weighed  porcelain  dLsh,  at  a  temperature  of  1(X)°  C,  and  then 
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heate<i,  while  coveret],  over  the  free  flame  until  gases  cease  lobe 
evolved,  care  l>eing  taken  not  to  heat  too  strongly  in  order  to  tvoid 
sputtering.  The  residue  is  taken  up  with  distilled  boiling  water, 
and,  after  standing,  filtered  through  a  Schleicher  and  Sdiull  fiha, 
the  weight  of  the  ash  of  which  is  known.  The  dish  and  the  contcob 
of  the  hlter  are  well  washed  with  hot  •  Water.  Filtrate  and  wadh 
ings  are  set  aside  and  the  diah  and 
~  filter  dried  in  the  oven  at  115"  C 

The  filter  is  now  placed  in  the 
dish  and  slowly  incinerated.   So 
soon  as  the  ash  has  turned  white 
the  filtrate  and  washings  are  placed 
in  the  same  dish,  evaporated  il 
100°  C,  and  then  carefully  hated 
over  the  free  flame.     Upon  coci- 
ing  in  the  desiccator  (Fig.  133)  the 
dish  with  its  contents  is  wn^wcl. 
the  difference  between  its  present 
and  previous  weight  indicating  the 
quantity  of  ash  contained  in  30 
c.c.  of  urine. 
Precautions:  1.  Care  shouhl  be  taken  to  allow  the  dish  to  become 
faintly  red  only  for  a  moment,  a.<!  some  of  the  chlorine  is  otherwise 
volatilized.    Some  phojqdioric  acid  may  al.so  escape,  and  too  stroni 
a  lieat.  nion-over,  may  caii.se  the  transfonnation  of  sulphates  into 
siilphi<lc.s.  the  oi^inir  ninterial  present  acting  a.s  a  re  ducing  ageiil. 
2.  If  the  orgiinic  asii  is  not  comj)letcly  incineniteii,  it  is  best  to 
allow  the  dish  lo  cool  iind  then  to  moisten  the  ash  with  a  few  dro|>s 
of  dilute  siilpimrii-  jicid,  when  the  hejiting  is  continue*!. 


The  Chlorides. 


The (liloridcs  which  are  excreted  in  tlie urine  are  derived  from  the 
food.  As  they  jir'  thus  pre.-ient  in  a  much  larger  amount  than  all 
otlier  inorfraiiic  sjdt.s  conilnTiitl,  iind  in  qutintity  more  than  .sufficient 
to  supply  the  needs  of  llii-  boiiy  economy,  the  relatively  large  amount 
of  chlorides  Found  in  tlie  urine  under  phv.siological  conditions.  ai 
conijKired  willi  the  (ttlier  inorganic  con.-itituents,  is  readily  e.icplaine*!. 

Of  tlie  iilkulies  in  tlie  nririe,  soilium  in  combination  with  chlorine 
exists  in  f;re;ilest  iiinoiinl,  juid  for  c1inie:d  purposes  it  Ls  mast  oon- 
vciiienl  (o  ealeidjite  ilie  total  <|uanfit_v  of  chlorides  in  terms  of  so<huni 
ehloriilc;  a  sniall  proporlion  idso  oecnrs  eoinbinetl  with  pota.ssium. 
animoninm.  t-aleinin,  and  niii^'ncsinin. 

Frhu  11   to  Vt  grains  of  siMlinin  eliloriile,  representing  the  total 
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quantity  of  chlorine,  are  normally  eliminated  in  the  twenty-four 
hours,  the  amount  depending,  of  course,  directly  upon  that  contained 
in  the  food  ingested.  If  the  amount  of  nourishment  is  diminished,  a 
decrease  in  the  elimination  of  the  chlorides  is  observed.  If  this  is 
carried  to  the  point  of  starvation,  the  chlorides  disappear  almost 
entirely  from  the  urine,  the  traces  remaining  being  derived  from  the 
body  fluids.  The  latter  retain  tenaciously  a  certain  amount,  which 
differs  but  slightly  from  that  normally  present.  If  at  this  stage  food 
containing  sodium  chloride  is  again  taken,  a  portion  will  be  retained 
in  the  body  until  the  original  equilibrium  is  restored.  A  similar 
retention  may  be  observed  for  a  few  days  following  the  ingestion  of 
large  quantities  of  water,  which  causes  an  increased  elimination  of 
chlorides. 

This  tenacity  on  the  part  of  the  body  in  retaining  sodium  chloride 
is  strikingly  seen  when  the  potassium  salt  Ls  substituted  for  the 
sodium  salt;  in  thb  case  the  amount  of  the  sodium  in  the  serum 
of  the  blood  will  be  found  to  vary  very  slightly. 

It  has  also  been  shown  that  the  excretion  of  sodium  chloride 
can  be  increased  very  materially  by  the  ingestion  of  potassium 
salts,  notably  the  neutral  potassium  phosphate  (K^HPOJ.  This  is 
supposed  to  decompose  the  sodium  chloride  present  in  the  serum, 
with  the  formation  of  potassium  chloride  and  neutral  sodium 
phosphate,  which  are  both  eliminated  as  foreign  material;  a  point 
is  finally  reached,  however,  when  the  sodium  chloride  ceases  to  be 
excreted. 

This  provision  of  the  economy,  in  virtue  of  which  an  increase  in 
the  elimination  of  the  salt  is  followed  by  its  retention,  and  a  pre- 
vious retention  by  an  increased  elimination,  is  supposed  to  be  inti- 
mately associated  with  the  albuminous  metiibolism  of  the  body.  It 
may  be  stated,  as  a  general  rule,  that  any  increase  in  the  amount  of 
circulating  albumin  will  be  followed  by  an  increased  elimination  of 
chlorides,  these  having  been  previously  retained  by  the  albuminous 
bodies  in  consequence  of  the  great  affinity  which  exists  between 
them.  At  the  same  time  the  elimination  of  the  chlorides  is  influ- 
enced by  the  quantity  of  urine  excreted,  increasing  and  decreasing 
with  its  volume. 

Pathologically  the  excretion  of  the  chlorides  may  vary  within 
wide  limits,  diminishing  on  the  one  hand  to  zero  and  increasing 
on  the  other  to  50  grams  or  more  in  the  twenty-four  hours.  A 
marked  diminution,  which  in  some  case^  may  go  on  to  a  total  absence, 
was  formerly  thought  to  be  pathognomonic  of  acute  croupous  pneu- 
monia.^ More  modem  investigations,  however,  have  shown  that 
such  a  condition  occurs  to  a  greater  or  less  degree  in  most  acute 

»  Rettenbacher,  Wien.  med.  Zeit.,  1850,  p.  373.  Holler,  Heller's  Archiv,  1844, 
vol.  i,  p.  23. 
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febrile  diseases,  such  as  scarlatina,  roseola,  variola,  typhus  and 
typhoid  fevers,  recurrens,  and  acute  yellow  atrophy.  Intennittent 
fever  appears  to  be  an  exception  to  this  rule;  usually  it  is  true  the 
chlorides  are  diminished,  but  not  to  the  extent  seen  in  the  other 
diseases  mentioned.  They  have,  moreover,  been  found  to  increase 
during  and  sometimes  immediately  after  a  paroxysm,  this  increase 
being,  of  course,  followed  by  a  corresponding  diminution. 

The  chlorides  are  diminished  in  all  acute  and  chronic  renal  dis- 
eases associated  with  albuminuria.^  In  this  connection  it  is  interest- 
ing to  note  that  in  cases  of  nephritis  associated  with  edema  and  other 
transudates  the  withdrawal  of  the  chlorides  from  the  food  results  in 
marked  improvement  and  in  some  cases  in  the  complete  disappea^ 
ance  of  the  effusion. 

In  all  cases  of  carcinoma  of  the  stomach,  and  in  chronic  hyper- 
secretion associated  with  dilatation,  a  decrease  is  observed,  which  in 
certain  cases  of  hypersecretion  and  hyperacidity,  the  result  of  gastric 
ulcer,  may  go  on  to  a  total  absence.^ 

In  anemic  conditions  the  chlorides  are  likewise  diminished,  as 
also  in  rickets.  In  melancholia  and  idiocy  a  striking  decrease  is 
observed;  in  dementia,  chorea,  and  pseudohypertrophic  paralyas 
this  is  less  marked. 

A  total  absence  has  been  noted  in  pemphigus  foliaceus,  and  a  con- 
siderable diminution  in  the  beginning  of  impetigo,  as  also  in  chronic 
lead  poisoning. 

The  chlorides  are  found  in  increa.sed  amount  in  all  conditions  in 
which  retention  has  previously  occurred,  chief  among  these  being  the 
acute  febrile  diseases  and  cases  in  which  a  resorption  of  e-\udates  and 
transudates,  associated  with  an  increased  diuresis,  is  taking  place. 
A  marked  increase  has  been  noted  in  some  cases  of  diabetes  insipidus, 
in  which  29  grams  have  been  eliminated  in  the  twenty-four  hours.' 
A  similar  increase  may  occur  in  prurigo,  in  which,  in  one  instance, 
2^).()  grams  were  passed  in  twenty-four  hours.*  In  cases  of  general 
paresis,  during  the  first  stage,  an  increased  elimination  goes  hand  in 
hand  with  an  increased  ingestion  of  food.  In  epilepsy  the  polyuria 
following  the  attacks  is  iissociated  with  an  increase  in  the  chlorides. 

Of  drugs,  certain  diuretics,  and  some  of  the  potassium  salts,  as 
has  been  mentione<l,  produce  an  increase:  the  chlorine  contained  in 
chloroform,  whether  administered  internally  or  as  an  anesthetic,  is 
in  part  excreted  in  the  form  of  a  chloride.  Salicylic  acid,  on  the 
other  hand,  is  said  to  cause  a  teniporarv  diminution. 

It  is  of  practical  importance  to  note  that  in  acute  febrile  diseases 
the  diminution  in  tlie  chlorides  apj)cars  to  van'  with  the  inteasity 

'  liohiTumn,  Zoit.  f.  klin.  Moil..  ISKii,  vol.  i,  p.  513. 
^  (Huzinski,  1^'rlin.  iiu'd.  Worli..  1.SS7,  vol.  xxiv,  983. 
'  ()pi)enheirii,  Zeit.  f.  klin.  Mod.,  \()1.  vi. 
*  V.  HnietT,  Wicn.  mod.  Woch.,  1S71,  p.  552. 
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of  the  disease,  a  decrease  to  0.05  gram  pro  die  justifying  the  con- 
clusion that  the  case  under  oservation  is  of  extreme  gravity.  It 
may  at  times  also  indicate  a  preceding  attack  of  severe  diarrhea 
or  the  formation  of  exudates  of  considerable  extent.  A  continued 
increase,  on  the  other  hand,  should  lead  to  the  conclusion  that  the 
patient's  condition  b  improving. 

The  elimination  of  the  chlorides  also  furnishes  a  fair  index  to  the 
digestive  powers  of  the  patient.  All  other  causes  which  might  lead 
to  an  increase  or  decrease  being  eliminated,  an  excretion  of  from  10 
to  15  grams  indicates  a  fair  condition  of  the  appetite  and  a  normal 
digestive  power,  a  decrease  being  associated  with  the  reverse. 

An  increased  elimination  of  chlorides  occurring  in  cases  of  edema, 
and  associated  with  the  existence  of  serous  exudates,  is  always  of 
good  prognostic  omen,  pointing  to  a  resorption  of  the  fluid. 

A  continued  elimination  of  more  than  15  to  20  grams,  all  other 
causes  being  excluded,  may  be  considered  as  pathognomonic  of  dia- 
betes insipidus. 

Of  late  attention  has  been  directed  to  the  ratio  between  the  elimi- 
nation of  the  chlorides  and  the  total  nitrogen.  With  an  ordinary 
diet  this  is  as  1  to  1  (Salkowski),  even  though  the  total  amount  of  chlo- 
rides may  not  amount  to  10  to  15  grams,  but  may  be  as  low  as  7  to  10 
grams.  In  disease  this  ratio  may  be  much  disturbed  owing  to  chlo- 
ride retention  (1  CI  to  15  N);  a  change  toward  the  normal  is  cceteris 
paribus  a  favorable  sign. 

Test  for  Ohlorides  in  the  Urine.— The  recognition  of  the  chlorides 
in  the  urine  is  based  upon  the  fact  that  silver  nitrate  causes  their 
precipitation.  The  sliver  chloride  thus  formed  is  insoluble  in  nitric 
acid. 

The  test  is  made  in  the  following  manner:  A  few  cubic  centimeters 
of  urine  are  acidified  in  a  test-tube  with  about  10  drops  of  pure  nitric 
acid,  and  treated  with  a  few  cubic  centimeters  of  silver  nitrate  solu- 
tion (1  to  20).  The  occurrence  of  a  white  precipitate  indicates  the 
presence  of  chlorides.  An  idea  may  be  formed  at  the  same  time  of 
the  quantity  present;  the  occurrence  of  a  heavy,  caseous  precipitate 
points  to  a  large  amount.  Albumin,  if  present,  must  first  be  removed 
by  boiling,  after  acidifying  the  urine  with  a  few  drops  of  dilute  acetic 
acid. 

Quantitative  Estimation  of  the  Chlorides  by  the  Method  of 

Sa^owski-Volhard.* — When  a  solution  of  silver  nitrate  acidified  with 
nitric  acid  is  treated  with  a  solution  of  potassium  sulphocyanide  or 
ammonium  sulphoc»yanide,  in  the  presence  of  a  ferric  salt,  the 
potassium  sulphocyanide  first  causes  the  precipitation  of  white  silver 
sulphocyanide,  which,  like  silver  chloride,  is  insoluble  in  nitric  acid. 
As  soon  as  every  trace  of  silver  is  precipitate<l,  it  coml)ines  with 

*  E.  Salkowski.  Zeit.  f.  ptiysiol.  Oiein..  vol.  i,  p.  lf>,  and  vol.  ii,  p.  .379. 
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the  ferric  salt  to  form  ferric  sulphocyanide,  which  is  of  a  blood-red 
color.  If  the  potassium  sulphocyanide  solution  is  of  known  strength, 
it  is  possible  to  estimate  accurately  the  amount  of  silver  present  in 
the  solution,  the  ferric  salt  serving  as  an  indicator  of  the  end  of  the 
reaction  between  the  silver  and  the  potassium  sulphocyanide. 

Application  to  the  urine:  to  urine  which  has  been  acidified  with 
nitric  acid  an  excess  of  a  silver  solution  of  known  strength  is  added, 
and  the  silver  not  used  in  the  precipitation  of  the  chlorides  then  esti- 
mated as  indicated  above.  The  difference  between  the  quanti^  thus 
found  and  the  total  amount  used  will  be  that  consumed  in  the  pre- 
cipitation of  the  chlorides,  from  which,  knowing  the  strength  of  the 
silver  soluion,  its  equivalent  in  terms  of  sodium  chloride  is  readily 
determined. 

Reagents  required: 

1.  A  solution  of  silver  nitrate  of  such  strength  that  each  cubic 
centimeter  shall  correspond  to  0.01  gram  of  sodium  chloride. 

2.  A  solution  of  potassium  sulphocyanide  of  such  strength  that 
25  c.c.  shall  correspond  to  10  c.c.  of  the  silver  nitrate  solution. 

3.  A  solution  of  a  ferric  salt,  such  as  ammonioferric  alum,  satu- 
rated at  ordinary  temperature. 

4.  Nitric  acid  (specific  gravity  1.2). 
Preparation  of  these  solutions: 

1.  As  pointed  out,  the  silver  nitrate  solution  is  made  of  such 
strength  that  each  cubic  centimeter  shall  correspond  to  0.01  gram 
of  sodium  chloride. 

The  silver  nitrate  must  be  pure,  and  it  is  best  to  use  the  crystal- 
lized salt,  and  not  the  sticks  wrapped  in  paper,  which  always  contain 
reduced  silver.  In  order  to  test  the  {)urity  of  the  salt,  about  1  gram 
is  dissolved  in  dLstilleil  water,  heate<l  to  the  boiling  point,  the  silver 
precipitated  by  dilute  hydrochloric  acid  and  filtered  off.  When 
evaporated  in  a  platinum  crucible  the  filtrate  should  leave  either  no 
residue  at  all  or  only  a  very  faint  one;  otherwise  it  is  necessary  to 
re(!rystiillize  the  salt  until  the  desired  degree  of  purity  is  reached. 

The  determination  of  the  (juantity  to  be  dissolved  in  1000  c.c.  of 
water  is  based  upon  the  fact  that  1  molecule  of  silver  nitrate  (mole^ 
cular  weight  170)  combines  with  1  molecule  of  sodium  chloride 
(molecular  weight  oS.;"))  to  form  silver  chloride  and  sodium  nitrate. 
As  the  solution  of  silver  nitrate  shall  be  of  such  strength  that  1  c.c. 
corresponds  to  0.01  ^rani  of  sodium  chloride,  or  KXK)  c.c.  to  10  grams, 
the  quantity  to  be  dissolved  in  KHK)  c.c.  is  found  according  to  the 
following  c(|uation: 

oS..-):  170:  :  10  .r,  58.5  x-  1700,  x  =  29.059. 

Theoretically,  then,  this  (piantity  should  be  dissolved  in  1000  c.c. 
of  water.  It  is  better,  however,  to  dissolve  it  in  a  quantity  some- 
what less  than  KKH)  c.c,  such  as  IMK)  or  1)50  c.c,  as  the  silver  salt 
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contains  water  of  crystallization  and  the  weighed-off  quantity  would 
not  represent  the  exact  amount  required,  but  less,  the  correcting  of 
a  solution  which  is  too  strong  being  a  much  simpler  matter  than 
that  of  a  solution  which  is  too  weak. 

To  make  this  correction,  or,  in  other  words,  to  bring  the  solution 
to  its  proper  strength,  0.15  gram  of  sodium  chloride,  which  has 
previously  been  dried  carefully  by  heating  in  a  platinum  crucible,  is 
accurately  weighed  off,  dissolved  in  a  little  distilled  water,  and  further 
diluted  to  about  100  c.c.  To  this  solution  a  few  drops  of  a  solution 
of  potassium  chromate  are  added,  when  the  mixture  is  titrated  with 
the  silver  solution.  The  silver  nitrate  will  first  precipitate  the  sodium 
chloride,  and  then  combine  with  the  potassium  chromate,  forming  red 
silver  chromate.  The  slightest  orange  tint  remaining  after  stirring 
indicates  the  end  of  the  reaction.  Were  the  solution  of  the  silver 
nitrate  of  the  proper  strength,  exactly  15  c.c.  should  have  been  used, 
as  each  cubic  centimeter  shall  represent  0.01  gram  of  sodium  chloride. 
As  a  matter  of  fact,  less  will  in  all  probability  be  needed,  the  solution 
having  been  purposely  made  too  strong.  Its  correction  then  becomes 
a  simple  matter,  as  it  is  merely  necessary  to  determine  the  degree  of 
dilution  required. 

Supposing  that  29.059  grams  of  silver  nitrate  were  dissolved  in 
900  c.c.  of  water,  and  that  14.5  c.c.  instead  of  15  c.c.  had  been  re- 
quired to  precipitate  the  0.15  gram  of  sodium  chloride,  it  is  evident 
that  each  14.5  c.c.  of  the  remaining  solution  must  be  diluted  with 
0.5  c.c.  of  water.  It  is,  hence,  only  necessary  to  divide  the  number  of 
cubic  centimeters  of  the  silver  nitrate  solution  remaining  by  14.5; 
the  result  multiplied  by  0.5  represents  the  amount  of  water  which 
must  be  added  in  order  to  bring  the  solution  to  the  required  strength. 
Hence  the  rule  for  the  correction  of  a  solution  which  has  been  found 
too  strong: 

C=         > 

n 

in  which  C  represents  the  number  of  cubic  centimeters  of  water 
which  must  be  added  to  the  solution  remaining;  iV  the  total  number 
of  cubic  centimeters  remaining  after  titration;  n  the  number  of 
cubic  centimeters  consumed  in  one  titration;  and  d  the  difference 
between  the  number  of  cubic  centimeters  theoretically  required  and 
that  actually  used  in  one  titration. 

In  the  example  given  the  equation  would  then  read: 

936.5  X0..5 
^~        14.5        -32.29. 

32.29  c.c.  of  distilled  water  are  added  to  the  remaining  936.5  c.c, 
when  the  strength  of  the  solution  is  tested  by  a  second  titration.  If 
the  solution  is  found  too  weak,  it  is  l)est  to  make  it  too  strong,  and 
then  to  correct  as  descril)ed. 


380  -  THE  URINE 

2.  Preparation  of  the  potassium  sulphocyanide  solution:  as 
1  molecule  of  silver  nitrate  (molecular  weight  170)  combines  with 
1  molecule  of  potassium  sulphocyanide  (molecular  weight  97),  the 
quantity  of  the  latter  to  be  dissolved  in  1000  c.c.  of  water  is 
found  from  the  following  equation: 

170:97:  :  11.6236:  x;  170 x=  11.6236X97; x  =  6.6. 

As  potassium  sulphocyanide  is  extremely  hygroscopic,  a  solution 
is  made  which  is  too  strong,  by  dissolving  about  10  grams  of  the 
salt  in  900  c.c.  of  distilled  water.     In  order  to  bring  this  solution  to 
its  proper  strength,  10  c.c.  of  the  silver  solution  are  diluted  to  100 
c.c;  4  c.c.  of  nitric  acid  (specific  gravity  1.2)  and  5  c.c.  of  the  am- 
monioferric   alum  solution  are  added,  when  the  mixture  is  titrated 
with    the   potassium    sulphocyanide    solution;    the   end  reaction  is 
recognized  by  the  production  of  a  slightly  reddish  color,  which  per- 
sists on  stirring.     The  sulphocyanide  solution  having  been  purposely 
made  too  strong,  it  will  be  found  that  less  than  25  c.c.  are  needed  to 
precipitate  all  the  silver  present.     The  quantity  of  water  necessary 
for  dilution  is  ascertained,  as  above,  according  to  the  formula 

c=     -• 

n 

3.  The  solution  of  ammonioferric  alum  is  a  solution  saturated  at 
ordinarj'  temperatures,  care  l)eing  taken  to  ensure  the  absence  of 
chlorides  in  the  sidt,  which  may  be  effected,  if  necessan%  by  recrys- 
tidlization. 

Method  as  Applied  to  the  Urine. — 10  c.c.  of  urine  are  placed  in  a 
small  stoppertnl  flask  hearing  a  100  c.c.  mark,  diluted  with  50  c.c. 
of  distilled  water,  and  acidified  with  4  c.c.  of  nitric  acid.  From  a 
burette  lo  c.c.  of  the  standard  solution  of  silver  nitrate  are  added. 
The  mixture  is  thoroughly  agitated  and  diluted  with  distilled  water 
to  the  100  c.c.  mark.  The  silver  chloride  formed  is  filtered  off 
through  a  dri/,  folded  filter  into  a  dry  graduate;  80  c.c.  of  the  filtrate 
are  placed  in  a  beaker,  and,  after  the  addition  of  5  c.c.  of  the  ammonio- 
ferric  alum  solution,  titrated  with  the  sulphocyanide  solution  untiP 
the  end  reaction — ?'.  r.,  a  slightly  reddish  tinge — is  seen.  If  necessary, 
two  such  titrations  should  he  made,  the  sulphocyanide  solution  being 
added  1  c.c.  at  a  time  in  the  first,  while  in  the  second  the  total  numl:)er 
of  cubic  centimeters  needed  to  bring  about  the  end  reaction,  less  1 
c.c,  are  added  at  once,  and  then  0.1  c.c.  at  a  time. 

The  amount  of  chlorides  present  in  the  urine  is  calculated  as  fol- 
lows: 

Example. — ToUi\  cpiantity  of  urine  ()(K)  c.c;  6.5  c.c.  of  the  sul- 
phocyanide solution  were  re(|uired  to  bring  al>out  the  end  reaction 
in  80  c.c.  of  the  filtrate;  this  would  correspond  to  8.125  c.c.  for  the 
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total  100  Q.c.  of  filtrate,  representing  10  c.c.  of  urine,  as  is  seen  from 
the  equation 

100  fi     5n 
w  :  80  :  :x  :  100;  80  x=100n;  x  =  -gQ-=  y* 

in  which  x  represents  the  number  of  cubic  centimeters  correspond- 
ing to  100  c.c.  of  the  filtrate,  and  n  the  number  of  cubic  centimeters 
9X!tually  used. 

These  8.125  c.c.  were  used  in  precipitating  the  silver  nitrate  not 
decomposed  by  the  chlorides.     As  25  c.c.  of  the  sulphocyanide  solu- 
tion correspond  to  10  c.c.  of  the  silver  solution,  the  excess  of  silver 
solution  in  cubic  centimeters  is  found  from  the  equation 

10  A^     2.V 
25  :  10  :  :  iV  :  x;  25  j:=  10  A  ;  x=  -^^   =-^  » 

in  which  x  represents  the  excess  of  the  silver  solution  in  cubic  centi- 
meters, and  N  that  of  the  sulphocyanide  solution  as  found  according 
to  the  equation  above,  x  in  this  case  being  3.25  c.c. 

The  difference  between  the  total  amount  of  silver  solution  em- 
ployed (i.  e.y  15  c.c.)  and  the  excess  (i.  e.,  3.25  c.c.)  indicates  the 
number  of  cubic  centimeters  necessary  for  the  precipitation  of  the 
chlorides  in  10  c.c.  of  urine.  In  the  case  under  consideration  11.75 
c.c.  were  employed.  As  1  c.c.  of  the  silver  solution  represents  0.01 
gram  of  sodium  chloride,  there  must  have  been  present  in  the  10  c.c. 
of  urine  0.1175  gram;  in  1(X)  cc,  hence,  1.175  grams,  and  in  the 
total  amount — i.  e.,  600  c.c.  of  urine — 7.05  grams. 

The  method  described  may  be  employed  in  the  presence  of  albu- 
mins, albumoses,  and  sugar;  the  urine,  however,  must  be  fresh,  so 
as  to  ensure  the  absence  of  nitrous  acid. 

Direct  Method.^ — If  accuracy  is  not  required,  the  following  method 
may  be  employed:  10  c.c.  of  urine  are  diluted  with  distilled  water 
to  100  c.c.  and  treated  with  a  few  drops  of  a  solution  of  potassium 
chromate.  This  mixture  is  titrated  with  a  one-tenth  normal  solution 
of  silver  nitrate  until  the  end  reaction  is  reached — /.  c,  a  faint 
orange  tinge — which  no  longer  disappears  on  stirring.  The  number 
of  cubic  centimeters  used  multiplied  by  0.01  will  indicate  the  amount 
of  chlorides  present  in  10  c.c.  of  urine. 

As  uric  acid,  the  xanthin  bases,  hyposulphites,  sulphocyanides, 
and  pigments  are  also  precipitated  by  the  silver  nitrate,  the  end 
reaction  is  delayed;  moreover,  unless  the  urine  is  very  pale,  its  recog- 
nition may  be  difficult,  and  the  error  thus  caused  considerable.  This 
is  especially  true  of  febrile  urines  which  contain  only  a  small  amount 
of  chlorides. 

Should  iodides  or  bromides  have  been  taken,  these  must  first  be 
removed,  as  silver  iodide  and  bromide,  which  are  insoluble  in  nitric 
acid,  would  give  too  high  a  value. 

*  F.  Mohr,  Lehrbuch  d.  Titrirmethode,  1856,  ii,  p.  13. 
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The  Phosphates. 

The  phosphates  occurring  in  the  urine  are  sodium,  potassium, 
calcium,  and  magnesium  salts  of  the  tribasic  acid  H,PO^.  The  most 
important  of  these,  as  was  pointed  out  in  the  chapter  on  Reaction, 
is  the  diacid  sodium  phosphate  NaH^PO^,  to  which  the  acidity  of 
the  urine  is  in  part  due.  It  is  owing  to  the  presence  of  this  salt  m 
the  urine  that  the  calcium  phosphate  is  held  in  solution;  the  fact,  at 
least,  that  calcium  and  magnesium  phosphate  are  thrown  down  when 
the  urine  is  neutralized  would  point  to  this  conclusion. 

The  composition  of  the  phosphates  is  Uable  to  considerable  varia- 
tion, depending  upon  the  degree  of  acidity  of  the  urine.    As  would 
be  expected,  diacid  sodium  phosphate  and  diacid  calcium  pho^hate 
are  present  in  an  acid  urine;  in  an  amphoteric  urine,  in  addition  to 
these  there  are  found  disodium  phosphate,  monocalcium  phosphate, 
and  monomagnesium  phosphate,  while  in  an  alkaline  urine  tnsodic 
phosphate,  neutral  calcium  phosphate,  and  neutral  magnesium  phos- 
phate may  be  present. 

The  alkaline  phosphates  normally  exceed  the  earthy  phosphates  by 
one-third,  and  sodium  is  combined  with  by  far  the  greater  amount 
of  phosphoric  acid,  the  potassium  salt  normally  occurring  in  only 
very  small  amounts. 

In  addition  to  the  mineral  phosphates,  phosphoric  acid  is  excreted 
also  in  combination  with  glycerin  as  glycerin-phosphoric  acid,  which 
need  not,  however,  be  considered  in  a  quantitative  estimation,  as  it 
is  present  only  in  traces/ 

As  in  the  case  of  the  chlorides,  the  greater  portion  of  the  phos- 
phates is  derived  from  the  food,  while  only  a  small  portion  is  refer- 
able to  the  tissue  proteids.  But  just  as  the  percentage  of  sulphur 
varies  in  the  different  tissues,  so  also  does  that  of  phosphorus  vary; 
nen  e  tissue,  for  example,  which  is  very  rich  in  lecithins  and  nucleins, 
yields  relatively  more  phosphonis  than  muscle  tissue. 

Not  all  the  phosphoric  acid  ingested,  however,  is  excreted  in  the 
urine,  as  one-thin  1  to  one-fourth  of  the  total  quantity  Ls  eliminated 
in  the  feces. 

The  <|uantity  of  j)hosph()ric  acid  excreted,  ^^hich  normally  varies 
between  2.5  and  3  grams,  is  thus  largely  dependent  upon  the  amount 
ingested,  incrca.sing  with  an  animal  and  decreasing  with  a  vege- 
table diet.'  During  starvation  a  considerable  increase  is  likewise 
observ^ed,  referal^le,  no  doubt,  to  an  increased  destruction  of  bonv 
tissue,  which  is  very  rich  in  the  phosphates  of  the  alkaline  earths. 
In  accordance  with  this  view,  increased  amounts  of  calcium  and 

^  Lepine  et  Evmoniiet,  romp.-rend.  de  la  Soc.  de  biol.,  1882. 
2  Ziilzer,  \'ircliow's  Archiv,  vol.  Ixvi,  p.  223. 
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lagnesium  are  also  seen  during  starvation.    The  relation  between 
ae  excretion  of  phosphoric  acid  and  nitrogen,  normally  1  to  7,  changes, 
aoreover,  in  such  a  manner  that  both  the  absolute  and  the  relative 
imount  of  phosphoric  acid,  as  compared  with  the  nitrogen,  increases; 
:his  leads  to  the  conclusion  that  in  addition  to  the  muscles  some 
other  tissue  rich  in  phosphorus  and  relatively  poor  in  N  must  suffer 
during  the  process,  and  the  only  one  which  could  enter  into  con- 
sideration is  bone/    If  at  this  time  food  containing  phosphorus  is 
again  given,  a  retention  will  take  place,  so  that  the  general  rule  stated 
in  the  chapter  on  Chlorides,  that  increased  elimination  is  followed 
by  a  certain  degree  of  retention,  and  that  a  previous  retention  is  fol- 
lowed by  an  increased  elimination,  seems  to  hold  good  for  all  the 
mineral  acids  found  in  the  urine  (see  also  the  chapter  on  Sulphates). 

An  increased  elimination  is  caused  also  by  the  ingestion  of  large 
quantities  of  water,  which  is  followed  by  a  certain  degree  of  retention. 

Observations  on  the  phosphatic  excretion  during  muscular  exercise 
have  not  given  uniform  results.*  Mental  exercise  appears  to  cause  a 
diminished  excretion  of  the  alkaline  phosphates  and  an  increased 
elimination  of  the  earthy  phosphates.'  The  latter  also  takes  place 
during  sleep. 

In  disease  the  total  amount  of  phosphates  may  either  be  increased 
or  diminished. 

A  diminished  elimination  is  observed  in  most  cases  of  acute  febrile 
disease,  such  as  pneumonia,  typhoid  fever,  tvphus  fever,  recurrens, 
during  a  paroxysm  of  intermittent  fever,  etc.  The  degree  of  dimi- 
nution is  usually  proportionate  to  the  severity  of  the  disease,  reaching 
its  lowest  figure  as  death  approaches.  Such  a  state  of  affairs  may, 
at  first  sight,  appear  paradoxical  in  view  of  what  has  been  said  above 
of  the  effects  of  tissue  destruction  upon  the  elimination  of  phos- 
phates. It  is  necessary,  however,  to  distinguish  sharply  between  an 
increased  production  and  an  increased  elimination;  in  all  probability 
a  retention  occurs  analogous  to  that  of  the  chlorides,  which  may  l>e 
observed  under  the  same  conditions.  It  has  been  supposed  that  the 
phosphates  set  free  during  the  proc*ess  of  tissue  destruction  are 
utilized  in  the  building  up  of  new  leukocrjtes,  and  an  increase  in 
these  is  actually  noted  in  some  of  the  diseases  mentioned.  A  dimin- 
ished excretion  of  phosphates  is,  however,  not  always  observed, 
and  an  increased  elimination  may  occur  in  certain  cases.  In  fatal 
cases  this  condition  may  persist  even  until  the  time  of  death.  It 
b  very  di£Scult  to  give  a  satisfactory  explanation  of  this  fact  at  the 
present  time.  The  phenomenon,  in  typhoid  fever  at  least,  appears 
to  be  connected  with  the  intensity  of  the  nervous  manifestations,  and 
Robin  concludes  that  here  an  increased  elimination  during  the  fastig- 

*  Zulzer,  loc.  cit. 

•  Fleischer  u.  Penzoldt,  Virchow's  Archiv,  vol.  Ixxxvii,  p.  210. 
'  Iftaiiet,  Compt.-rend.  de  la  Soc.  de  biol.,  1884. 
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ium  is  an  unfavorable  omen,  while  an  increase  during  defervescence 
warrants  a  favorable  prognosis.  A  similar  decrease  in  the  phosphates 
has  also  been  observed  in  pulmonary  phthisis  associated  with  high 
fever/ 

Very  interesting  and  important  is  the  diminshed  excretion  of 
phospJiates  associated  with  acute  and,  to  some  extent  also,  with 
chronic  nephritis,  amyloid  degeneration  of  the  kidneys,  and  the 
anemias,  in  which  an  actual  insufficiency  on  the  part  of  the  kidnevs 
in  the  elimination  of  these  salts  appears  to  exist.' 

A  diminished  or,  at  least,  no  increased  excretion  is  usually  seen  in 
certain  diseases  of  the  bones,  such  as  osteomalacia.  This  may  depend 
either  upon  a  retention  or  an  elimination  through  other  channels. 
The  earthy  phosphates  especially  are  found  in  greatly  diminished 
amount,  or  may  even  be  absent  altogether  in  certain  cases  of 
nephritis.  A  similar  condition  is  observed  in  acute  and  chronic 
rheumatism. 

The  data  reganling  the  phosphatic  elimination  in  nervous  and 
mental  diseases  are,  on  the  whole,  scanty  and  by  no  means  uniform. 

During  attacks  of  hysteria  majoi,  in  contradistinction  to  epilepsy, 
in  which  an  increased  elimination  takes  place,  the  phosphates  are 
diminished,  the  degree  of  diminution  being  generally  proportionate 
to  the  intensity  of  the  attack,  increasing  again  together  with  the  other 
urinary  constituents  with  the  subsequent  increase  in  the  diuresis.' 

In  chronic  lead  poisoning  a  diminution  to  one-third  of  the  normal 
quantity  may  occur.  Very  low  figures  have  been  noted  in  Addison's 
disease,  in  acute  yellow  atrophy  (in  which  even  a  total  absence  may 
occur),  and  in  certain  cases  of  hepatic  cirrhosis.  In  gout  the  phos- 
phoric acid  curve  follows  that  of  the  uric  acid  quite  closely,  decreas- 
ing before  the  onset  of  the  acute  symptoms  and  then  rising  and 
reaching  its  maximum  about  the  third  day  (see  Uric  Acid).* 

An  irurcaMd  elimination  of  phosphates,  on  the  other  hand,  amount- 
ing in  some  cases  to  7  or  even  to  9  grams  in  the  twenty-four  hours, 
has  been  described  bv  Teissier,  of  Lyon,  under  the  name  of  phos- 
phaiic  diahctcH,  the  })atient  presenting  various  symptoms  commonly 
seen  in  diabetes  nieHitus;  snt^ar,  however,  is  usually  absent.  Whether 
or  not  phosphatic  diabetes  is  a  disease  sul  generis  is  not  certain.^ 

In  true  diabetes  mellitus  a  curious  relation  has  been  found  to 
exist  between  the  elimination  of  sugar  and  of  phosphates,  the  (]uan- 
tity  of  the  latter  risiiitr  and  falling  in  an  inverse  ratio  to  the  amount 
of  sugar.     In  dial)etes  insipidus  a  slight  increase  is  at  times  found. 

*  Edlefsen,  Sclunidt's  Jahrcshor..  vol.  cxcvi.  p.  59. 

'  Ficischor,  DcMitsch.  Arcli.  f.  klin.  MciL.  vol.  xxix,  p.  129. 

'  l)e  la  Tourctte  and  Ciitholincau,  Contralhl.  f.  d.  med.  Wiss.,  1889,    vol.  xlviii, 
p.  872 

*  T.  H.  Kutchor.  Jour.  Anicr.  Med.  Assoc,  H)02.  vol.  xxxix,  p.  1046. 

*  G.  Rankin,  '*  Phosphatic  l)iai)etos,"  Lancet,  March  24,  1900.     Teissier.  Thc^se, 
Paris,  1870. 
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Corresponding  to  the  phosphatic  retention  observed  in  acute  febrile 
diseases  an  increased  elimination  is  noted  during  convalescence. 

An  increase  occurs  in  the  course  of  cerebrospinal  meningitis. 

In  a  case  of  pseudoleukemia  an  increase  of  7  grams  has  been 
noted,  while  the  number  of  red  corpuscles  fell  from  2,200,000  to 
800,000  in  four  days.  To  judge  from  the  very  careful  observations 
made,  there  could  be  no  doubt  that  the  high  d^ree  of  phosphaturia, 
which  was  limited  to  the  alkaline  phosphates,  was  referable  to  this 
latter  source.  In  leukemia  also  very  high  figures  are  at  times  observed. 
Magnus-Levy  reports  a  case  in  which  the  patient  eliminated  about 
15  grams  of  PjO^  in  fifteen  hours.  This  is  exceptional,  but  other 
observers  have  noted  5  to  7  grams  on  repeated  occasions.  Con- 
sidering the  extensive  destruction  of  leukocytes  and^hence  of  nucleins 
in  leukemia  an  increased  phosphatic  excretion  appears  natural. 

In  hemorrhagic  purpura  EdsalP  noted  a  large  excretion  of  PjO^: 
6.192  grams.  The  same  observer  states  that  he  has  seen  this  also  in 
chronic  leukemia,  as  soon  as  x-ray  treatment  is  b^un;  at  least  in 
those  cases  in  which  there  was  the  characteristic  general  response, 
while  it  did  not  occur  in  the  negative  cases. 

While  it  is  apparent  that  important  conclusions  cannot  be  drawn, 
on  the  whole,  from  a  knowledge  of  the  absolute  phosphatic  elimina- 
tion, unless  it  be  from  a  study  of  the  relation  existing  between  the 
excretion  of  the  alkaline  and  earthy  phosphates,  a  study  of  the  rela- 
tive phosphaiic  excretion  seems  to  promise  more  valuable  results. 
According  to  Ziilzer,^  a  definite  amount  of  the  phosphates  and  of  the 
urinary  nitrogen  is  referable  to  the  destruction  of  albuminous  mate- 
rial, so  that  the  relation  between  the  phosphoric  acid  and  the  nitro- 
gen must  be  constant.  Another  portion,  however,  is  derived  from 
lecithin,  one  of  the  most  important  constituents  of  nerve  tissue, 
which  contains  more  phosphorus  than  the  albuminous  molecule. 
Whenever,  then,  the  lecithin-containing  tissues  are  more  involved 
in  the  general  metabolism  than  under  normal  conditions  the  rela- 
tion will  no  longer  be  a  stable  one.  This  relation  which  exists 
between  the  elimination  of  nitrogen  and  phosphoric  acid  has  been 
tenned  the  relative  value  of  phosphoric  acid. 

The  relative  value  of  phosphoric  acid  in  the  urine  has  been  calcu- 
lated as  varying  from  17  to  20,  that  of  the  blood  being  3,  of  muscle 
tissue  12.1,  of  brain  44,  of  bone  426  to  430.  This  value  supposes 
the  absolute  value  to  vary  between  2  and  3  grams  pro  die.  It  is  found 
according  to  the  following  ecj nation: 

N  ;  PA  :  :  100  :  x;  and  x=  ^^^    '      ^'»^*, 

in  which  N  indicates  the  amount  of  nitrogen  actually  observed, 
PjOg  the  amount  of  phosphoric  acid  in  the  same  specimen  of  urine, 

*  Amer.  Jour.  Med.  Sci.,  October,  1905.  '  Loc.  cit. 

25 


386  THE  URINE 

and  X  the  amount  of  P2O5  corresponding  to  100  grams  of  N.  By 
observing  this  relative  value  a  much  better  idea  may  be  formed  of 
the  metabolic  processes  taking  place  in  the  body  in  disease  than  from 
a  mere  expression  of  the  absolute  phosphatic  value. 

In  acute  febrile  diseases  the  relative  as  well  as  the  absolute  dimi- 
nution of  the  phosphates  has  been  ascribed  to  a  retention,  thej  being 
possibly  utilized  in  the  building  up  of  white  blood  corpuscles.  In 
the  course  of  these  diseases  oscillations  in  the  relative  value  are  fre- 
quently observed;  during  convalescence  the  relative  as  well  as  the 
absolute  value  again  rises. 

In  accordance  with  these  considerations  a  diminished  relative  ex- 
cretion of  phosphoric  acid  should  be  expected  in  all  cases  associated 
with  a  notable  elvmination  of  leukocytes  through  other  channek,  as 
in  pneumonia,  for  example,  or  a  storing  away  of  the  same,  as  in 
cases  of  empyema.  The  facts  observed  are  in  accord  with  thb 
view. 

A  relative  decrease  has  further  been  noted  in  the  various  forms  of 
anemia,  conditions  of  cerebral  excitation,  and  especially  preceding 
an  attack  of  epilepsy.     In  progressive  paralysis  following  syphilis 
the  relative  value,  at  first  low,  rises  greatly  after  the  administration 
of  potassium  iodide,  while  the  excretion  of  the  earthy  phosphates  is 
lessened.     In  chronic  cerebral  affections,  delirium  tremens,  and  acute 
hydrocephalus  a  relative  decrease  has  been  noted.     In  mania,  during 
the  period  of  excitement,  both  the  alkaline  and  the  earthy  phosphates 
are  found  increased,  while  during  the  stage  of  depression,  as  also  in 
melancholia,  the  alkaline  phosphates  are  diminished  and  the  earthy 
phosphates  increased.     On  the  other  hand,  an  increase  in  the  relative 
value  has  been  noted  in  apoplexy  (amounting  to  34.3  in  one  case, 
two  days  after  an  attack),  brain  tumors,  tabes,  arthritis  deformans 
(30),  pernicious  anemia  (23.8  to  58),  etc.^ 

Of  drugs,  bromides  appear  to  diminish  the  absolute  amount  of 
phosphoric  acid.  Cocaine  and  cjuinine  cause  a  decrease,  and  salicylic 
acid  an  increase.  A  relative  decrease  is  produce<l  by  the  cerebral 
excitants,  such  as  stnchnine,  small  doses  of  alcohol,  phosphorus, 
valerian,  cold  l)aths,  salt-water  baths,  etc.  An  opposite  effect  is 
produced  by  the  cerebral  dcj)ressants,  such  as  chloroform,  morphine, 
chloral,  large  doses  of  alcohol,  potassium  bromide,  mineral  and 
vegetable  acids,  prolonged  cold  baths,  Turkish  baths,  low  tempera- 
ture, etc. 

Tests  for  the  Phosphates  in  the  Urine. — The  test  for  the  detection 
of  the  phosphates  occurring  in  the  urine  depends  upon  the  precipita- 
tion of  phosphoric  acid  by  means  of  ferric  chloride  as  ferric  phosphate, 
which  is  insoluble  in  cold  acetic  acid.  The  same  result  may  be 
accomplished  bv  the  addition  of  a  solution   of   uranyl   nitrate;   this 

^  /^iilzcr  u.  Edlefsen,  loc.  cit. 
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ives  rise  to  the  formation  of  uranyl  phosphate,  which  is  also  in- 
Dluble  in  acetic  acid. 

Test. — A  few  cubic  centimeters  of  urine  are  acidified  with  a  few 
irops  of  acetic  acid,  and  treated  with  a  few  drops  of  a  solution  of 
erric  chloride  (1  part  of  the  officinal  solution  to  10  parts  of  water), 
irhen  the  occurrence  of  a  yellowish-white  precipitate  will  indicate 
he  presence  of  phosphates. 

If  a  solution  containing  an  acid  phosphate  of  the  alkalies  is  treated 
rith  an  alkaline  hydrate,  the  diacid  alkaline  phosphate  is  transformed 
nto  the  monacid  salt.  This  is  further  changed  into  the  normal  salt. 
is  the  monacid  and  neutral  salts  are  both  readily  soluble,  the 
olution  remains  clear.  If  at  the  same  time,  as  in  the  urine,  a  soluble 
iacid  phosphate  of  the  alkaline  earths  is  present,  this  is  likewise 
"ansformed  into  the  monacid  and  finally  into  the  neutral  salt;  the 
itter,  however,  being  insoluble,  is  thrown  down. 

Test  for  the  Earthy  Phosphates. — 10  c.c.  of  urine  are 
mdered  alkaline  with  ammonia,  when  the  occurrence  of  a  flocculent 
recipitate  will  indicate  their  presence. 

Test  for  the  Alkaline  Phosphates. — After  having  removed 
le  earthy  phosphates  from  10  c.c.  of  urine,  as  just  described,  the 
ear  filtrate  is  acidified  with  acetic  acid  and  test^  with  ferric  chlo- 
de  or  uranyl  nitrate,  as  shown  above. 

The  alkaline  phosphates  may  also  be  detected  by  treating  the. 
[nmoniacal  filtrate  with  a  few  drops  of  magnesia  mixture  (1  part  of 
rystallized  magnesium  sulphate,  2  parts  of  ammonium  chloride,  4 
arts  of  ammonium  hydrate,  and  8  parts  of  distilled  water),  when 
mmoniomagnesium  phosphate,  which  is  almost  insoluble  in  ammo- 
ium  hydrate,  will  be  thrown  down. 

Quantitative  Estimation  of  the  Total  Amount  of  Phosphates .  Principle. 
-When  a  solution  of  disodium  phosphate  acidified  with  acetic  acid 
1  treated  with  a  solution  of  uranyl  nitrate  or  uranyl  acetate,  a  dirty- 
K)king  precipitate  of  uranyl  phosphate  is  thrown  down.  It  is 
pparent  that  the  quantity  of  phosphoric  acid  can  be  estimated 
ccurately,  if  the  solution  of  uranyl  nitrate  or  acetate  is  of  known 
;rength. 

Solutions  required: 

1.  A  solution  of  uranium  nitrate  of  such  strength  that  20  c.c.  shall 
^rrespond  to  0.1  gram  of  PjOj. 

2.  A  solution  containing  sodium  acetate  and  acetic  acid. 

3.  Tincture  of  cochineal. 
Preparation  of  these  solutions: 
1.  From  the  equation 

2UO.N03+NavHP(),  =  (U()),HPO,+2\aN03 

is  apparent  that  2  molecules  of  uranium  nitrate  combine  with  1 
loleeyle  of  disodium  phosphate  to  form  uranium  phosphate  and 
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sodium  nitrate.  The  molecular  weight  of  uranium  nitrate  being 
318  and  that  of  disodium  phosphate  142,  it  is  seen  that  636  parts 
by  weight  of  the  former  combine  with  142  parts  by  weight  of  the 
latter. 

As  20  c.c.  of  the  solution  of  uranium  nitrate  shall  correspond  to 
0.1  gram  of  PjO^,  1000  c.c.  must  be  equivalent  to  5  grams  of  Yf)^. 
In  142  parts  by  weight  of  disodium  phosphate  there  would  be  present 
71  grams  of  P2^5»  equivalent  to  ()36  parts  by  weight  of  uranium 
nitrate.  The  (juaritity  of  the  latter,  then,  to  be  dissolved  in  1000  cc. 
of  water  will  be  found  from  the  equation:  636  :71  :  :  x  :5;adx  = 
44.78. 

44.78  grams  of  uranium  nitrate  are  weighed  off  and  dissolved 
in  about  900  c.c.  of  water,  the  solution  being  purposely  made  too 
strong  for  reasons  pointed  out  in  the  chapter  on  Chlorides.   In 
order  to  bring  this  solution  to  its  proper  strength  it  is  necessary  to 
titrate  with  the  uranium  solution  a  solution  of  disodium  pho^hate^ 
of  such  strength  that  each  50  c.c.  shall  contain  0.1  gram  of  PjOj, 
or  1000  C.C.  2  grams.     The  molecular  weight  of  Na2HPO,+12H,0 
being  358,  this  amount  of  disodium  phosphate  in  grams  is  equiv- 
alent to  142  grams  of  PjO^;  the  quantity  of  P3O5  corresponding  to  2 
grams,  in  terms  of  Na2HPO^+12H20,  is  found  from  the  equation: 
358  :  142  :  :  x  :  2;  and  x  =  5.042.     This  amount  of  pure,  diy,  and 
non-deliquescent  Na^HPO^  is  dissolved  in  1000  c.c.  of  distilled  water. 
If  non-deliquescent  disodium  phosphate  is  not  at  hand,  about  6  or  7 
grams  of  the  salt  are  dissolved  in  1000  c.c.  of  distilled  water;  of  this 
solution  50  c.c.  are  evaporated  in  a  weighed  platinum  dish,  and  the 
residue  gently  heated,  the  disodium  phosphate  being  thereby  trans- 
fonne<l  into  sodium  pyropliosphate,  NaJ^O^.     The  molecular  weight 
of  NaJ^O^  being  260,  this  corre.sponds  to  142  grams  of  PjOj.    If 
the  solution  is  of  the  correct  strength — /.  e.,  containing  0.1  gram  of 
P/).,  in  ni)  c.c.  of  water — the  residue  should  weigh  0.1873  gram,  as 
is  seen  from  the  ecj nation  :  142  :  266  :  :  0.1 :  x;  and  0^  =  0.1873.     Sup- 
posing, however,  that  the  residue  weighs  0.1021  gram,  it  is  manifest 
that  the  solution  is  too  strong,  and  must  be  diluted,  the  degree  of 
dilntion  being  ascertained  according  to  the  equation:  0.1873  :  1000 
:  :  0.1921  :  a-;  and  a'  =  l()2r);  /.  ^.,  1000  c.c.  of  the  solution  must  be 
diluted  to  1025  c.c.  to  make  it  of  the  proper  strength. 

In  the  case  given,  50  c.c.  were  used;  the  950  c.c.  are  then  diluted 
with  the  amount  of  water  found  from  the  equation:  1(X)0  :  1025  :  : 
950  :  x;  and  .r=  973.75.  Having  thus  obtained  a  solution  of  dLso- 
dium  j)hosphate  of  such  strength  that  each  50  c.c.  shall  contain  0.1 
gram  of  l^^)-,  this  is  titrated  with  the  uranium  solution,  which 
has  been   made  too  strong,  in  order  to  determine  the  amount  of 

^  A  solution  of  choiiiically  pure  cTvstallizcd  monopotassiura  phosphate  can  also 
be  used  for  standardization  (Sutton's  Volumetric  Analysis,  8th  ed.,  p.  316). 
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water  that  must  be  added  to  the  latter.     To  this  end,  a  burette  is 

filled  with  the  uranium  solution;  50  c.c.  of  the  disodium  phosphate 

solution  are  treated  with  a  few  drops  of  the  tincture  of  cochineal 

and  5  c.c.  of  the  acetic  acid  mixture  (see  below).    This  mixture  is 

heated  in  a  beaker,  and  as  soon  as  the  boiling  point  has  been  reached 

titrated  with  the  uranium  solution  until  a  trace  of  a  greenish  color 

is  noticed  in  the  precipitate  which  does  not  disappear  on  stirring. 

This  point  having  been  accurately  determined  by  means  of  a  second 

titration,  the  number  of  cubic  centimeters  of  distilled  water  with 

which  the  remaining  solution  must  be  diluted  is  determined  accord- 

N.d 
ing  to  the  formula:  C= — '- — ,  in  which  C  represents  the  number 

of  cubic  centimeters  which  must  be  added,  N  the  number  of  cubic 
centimeters  remaining  after  the  test  titration,  n  the  number  of  cubic 
centimeters  consumed  in  one  titration  to  bring  about  the  end  reac- 
tion, and  d  the  difference  between  the  number  of  cubic  centimeters 
used  in  one  titration  and  that  theoretically  required. 

The  amount  of  distilled  water  necessary  for  dilution  is  now  added 
and  the  solution  again  tested,  when  20  c.c.  will  correspond  to  0.1 
gram  of  PjO^. 

2.  The  acetic  acid  mixture  is  prepared  by  dissolving  100  grams 
of  sodium  acetate  in  a  Uttle  water,  adding  30  grams  of  glacial  acetic 
acid  and  diluting  the  whole  to  1000  c.c. 

3.  Tincture  of  cochineal.  This  may  be  prepared  as  follows:  A 
few  grams  of  cochineal  granules  are  digested  at  ordinary  tempera- 
tures with  250  C.C.  of  a  mixture  of  3  volumes  of  water  and  1  volume 
of  94  per  cent,  alcohol.  The  solution  is  then  decanted  and  ready 
for  use.  The  residue  may  be  utilized  in  the  preparation  of  a  fresh 
supply  of  the  tincture. 

Amplication  to  the  Urine, — 50  c.c.  of  clear  filtered  urine  are 
treated  with  5  c.c.  of  the  acetic  acid  mixture,  the  object  being  to 
transform  any  monacid  sodium  phosphate  present  into  diacid  sodium 
phosphate,  and  to  neutralize  any  nitric  acid  that  may  be  formed 
during  the  titration,  as  otherwise  the  nitric  acid  would  cause  a  partial 
solution  of  the  precipitated  uranyl  phosphate.  A  few  drops  of  the 
tincture  of  cochineal  are  added,  when  the  mixture  is  heated  to  the 
boiling  point  and  titrated  as  described  above.  Two  titrations  are 
usually  required. 

Should  it  be  desired  to  use  potassium  ferrocyanide  as  an  indicator, 
the  uranium  solution  must  have  been  standardized  with  the  same 
indicator,  as  errors  will  otherwise  arise.  The  technique  is  simple. 
A  number  of  droplets  of  the  potassium  ferrocyanide  solution  (about 
5  per  cent.)  are  placed  on  a  piece  of  white  filter  paper.  After  every 
addition  of  the  uranium  solution  to  the  boiling  urine  a  droplet  of  the 
mixture  is  placed  upon  the  ferrocyanide  stain.  The  end  reaction  is 
indicated  by  the  occurrence  of  a  brown  color. 
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The  results  are  calculated  as  follows:  Supposing  15  e.c.  of 
uranium  solution  to  have  been  used,  the  corresponding  amount  of 
PjOj  in  50  c.c.  of  urine  is  found  from  the  equation:  20:0.1  : :  15: i; 
and  X  =  0.075.  The  percentage  amount  would,  hence,  be  0.075X 
2  =  0.15.  Supposing  the  total  amount  of  urine  to  have  been  2000 
c.c,  the  elimination  of  PjOj  would  correspond  to  3  grams. 

The  presence  of  sugar  and  albumin  does  not  interfere  with  the 
method. 

Separate  Estimation  of  the  Earthy  and  Alkaline  Phosphates.- 

If  the  alkaline  and  earthy  phosphates  are  to  be  determined  separatdj, 
the  total  amount  of  PjOg  is  estimated  in  one  portion  of  the  urine, 
while  the  PjOg  in  combination  with  the  alkaline  earths  is  determined  in 
another,  as  follows:  200  c.c.  of  filtered  urine  are  made  strongly  alkaline 
with  ammonium  hydrate  and  set  aside,  covered,  for  several  hours, 
when  the  earthy  phosphates  thus  preciptated  are  collected  on  a  filter, 
washed  with  dilute  ammonia  (1  to  3),  and  then  transferred  to  a  beaker, 
with  the  aid  of  a  little  water  containing  a  few  drops  of  acetic  acid, 
by  perforating  the  filter.    They  are  then  dissolved  with  as  litde 
acetic  acid  as  possible,  diluted  to  50  c.c.  with  distilled  water,  and 
titrated  with   the  uranium  solution  as  described.     The  difference 
between  the  total  amount  of  PjOg  and  the  amount  thus  obtained 
indicates  the  quantity  of  alkaline  phosphates  present 

Removal  of  the  Phosphates  from  the  Urine.  — ^Whenever  it  is 

necessary  to  remove  the  phosphates  from  the  urine  in  the  course  of  an 
analysis,  as  is  freqiientlv  the  case,  the  urine  is  rendered  alkaline  by  the 
addition  of  the  hydrate  of  an  alkaline  earth  and  precipitated  >^ith  a 
soluble  calcium  or  })arium  salt.  They  may  also  be  precipitated  by 
means  of  neutral  or  basic  lead  acetate,  in  which  case  the  excess  of  lead 
is  removed  ])y  means  of  hydrogen  sulphide  or  dilute  sulphuric  acid. 


The  Sulphates. 

The  sulphuric  acid  found  in  the  urine  is  derived  essentially  from 
the  albuminous  material  which  is  constantly  broken  down  in  the 
body,  a  ver>'  small  portion  only  of  the  inorganic  sulphates  being  refer- 
able to  the  mineral  constituents  of  the  food.  As  was  pointed  out  in  the 
chapter  on  Reaction,  sulphuric  acid  is  constantly  produced  in  the 
body,  and,  coming  into  contact  with  the  so-called  neutral  phosphates 
present  in  almost  all  the  tissues,  transforms  these  into  acid  phos- 
phates, both  appearing  in  the  urine.  The  alkaline  carbonates,  which 
are  derived  from  the  organic  salts  ingested  by  a  process  of  oxidation, 
are  also  attacked  by  the  sulphuric  acid. 

As  tlie  amount  of  food  ingested  is  gradually  diminished  a  point  is 
reached  w^hen  the  ])0(ly  most  tenaciously  holds  any  alkaline  salts  that 
may  still  be  present.     A  new  source  for  the  neutralization  of  the 
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acid  is  then  found  in  the  ammonia,  which  would  otherwise  have 
been  eliminated  as  urea. 

While  the  greater  portion  of  the  sulphuric  acid  excreted  in  the 
urine  is  found  in  the  form  of  mineral  sulphates,  about  one-tenth  of 
the  total  amount  may  be  shown  to  be  in  combination  with  aromatic 
substances  belonging  to  the  oxy-group;  most  important  among  these 
are  the  salts  of  phenol,  indoxyl,  and  skatoxyl. 

Indoxyl  and  skatoxyl,  as  will  be  shown  later,  are  derived  from 
indol  and  skatol,  which,  together  with  phenol,  are  formed  during 
the  process  of  intestinal  putrefaction.  Their  amount  increases  and 
decreases  with  the  degree  of  putrefaction,  and  hence  serves  as  an 
index  of  its  intensity. 

The  mineral  sulphates  have  been  termed  preformed  sulphates  in 
contradistinction  to  the  others,  which  are  known  as  conjugate  or 
ethereal  sulphates.  In  the  following  pages  the  former  will  be  desig- 
nated by  the  letter  A,  the  conjugate  sulphates  by  the  letter  5,  and 
the  total  sulphates  as  A+B, 

The  amount  oi  A-\-B  excreted  in  the  twenty-four  hours  by  a 
normal  individual  varies  between  2  and  3  granLs,  the  ratio  of  ^  to 
B  being  as  10  to  1.' 

From  what  has  been  said,  it  is  apparent  that  the  elimination  of 
sulphates  is  largely  dependent  upon  the  degree  of  albuminous  destruc- 
tion taking  place  in  the  tissues  and  fluids  of  the  body,  and  hence 
to  a  certain  extent  upon  the  quantity  of  proteid  material  ingested, 
the  mineral  sulphates  occurring  in  such  small  amount  in  the  food  as 
scarcely  to  affect  the  quantity  excreted.  Secondarily,  the  degree  of 
intestinal  putrefaction  plays  a  role.  During  starvation  A-j-B  is 
diminished,  this  diminution  affecting  A  especially;  in  some  cases  B 
may  be  considerably  increased.^ 

An  increase  in  the  elimination  of  the  total  sulphates  is  observed, 
as  would  be  anticipated,  in  all  cases  in  which  an  increased  tissue 
destruction  is  taking  place,  as  in  acute  febrile  diseases.  It  must 
be  remembered,  however,  that  the  quantity  excreted  is  then  not 
always  greater  than  during  convalescence,  the  diet  remaining  the 
same.  Here,  as  elsewhere,  in  urinary  studies,  it  is  necessary  to  dis- 
tinguish between  a  relative  increase  and  an  absolute  decrease.  In 
pneumonia  and  acute  myelitis  the  highest  figures  have  been  observed, 
the  increased  elimination  during  the  febrile  period  being  especially 
marked:* 

Fever  diet.  Full  diet. 

/ • » 

Fever.  No  fever.  No  fever. 

Pneumonia 3.51  gm.       1.47  gm.  2.25  gm. 

Acute  myelitis     ....     2.62  gm.       1.52  gm.  2.33  gm. 

*  V.  d.  Velden,  Virchow's  Archiv,  vol.  vii,  p.  343. 

'  Clare,  Inaug.  Diss.,  Dorpat,  1854. 

'  P.  Fiirbringer,  Virchow  s  Archiv,  vol.  Ixxiii,  p.  39. 
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During  convalescence  the  excretion  of  the  sulphates  is  diminished, 
a  retention  analogous  to  that  of  the  chlorides  and  phosphates  taking 
place.  In  contradistinction  to  the  latter  salts,  it  is  in  all  probability 
not  the  mineral  matter  proper  that  is  demanded  by  the  body,  but  tbe 
sulphur-containing  albiuninous  material. 

A  considerable  elimination  of  A+B  has  also  been  observed  in 
leukemia,  in  which  an  average  of  2.46  grams  is  excreted,  as  com- 
pared with  1.51  grams  by  a  healthy  individual  receiving  the  same 
amount  and  kind  of  food.  In  one  case  of  acute  leukemia  5.8  grams 
were  eliminated  on  the  day  preceding  death.  ^ 

In  diabetes  mellitus,  diabetes  insipidus,  esophageal  carcinoma, 
progressive  muscular  atrophy,  pseudohypertrophic  paralysis,  and 
eczema  an  increased  elimination  has  likewise  been  observed,  while 
in  chronic  renal  diseases  a  diminished  excretion  is  the  rule. 

A  study  of  the  elimination  of  the  conpigaie  stdphaies  and  of  the 
relation  existing  between  A  and  B  in  disease  is  still  more  important 
than  that  of  the  total  sulphates;  but  in  both  cases  the  data  available 
are  scanty,  and  further  observations  are  urgently  needed,  v.  Noor- 
den  regards  the  elimination  of  more  than  0.3  gram  of  conjugate 
sulphates  in  the  twenty-four  hours  as  excessive,  the  patient  being 
on  an  ordinary  mixed  diet. 

The  conjugate  sulphates,  as  would  be  expected,  are  increased  in 
all  cases  of  increased  intestinal  putrefaction.*    In  coprostasis  the 
result  of  carcinoma  the  ratio  of  the  preformed  to  the  conjugate  sul- 
phates, normally  10,  may  diminish  enormously.     In  one  case,  reported 
by  Kast  and  Baas,^  it  fell  to  2,  but  rose  to  7  and  8,  and  finally  to  9.5 
and  15  after  an  artificial  anus  had  been  established.     I  have  observed 
a  drop  to  1.5  in  a  case  of  volvulus  of  ten  days'  standing.     H.  Baldwin 
notes  a  case  of  pernicious  vomiting  of  pregnancy  in  which  the  factor 
A  :  B  was  1.9;   following  abortion  it  fell  to  4  and   a  little  later  to 
5.4.     Biernacki^  found  an  increase  in  tlie  elimination  of  conjugate 
sulphates  amounting  to  from  0.15  to  0.5  gram  pro  die  in  cases  of 
chronic  parenchymatous  nephritis,  going  hand  in  hand  apparently 
with  a  decrease  in  the  secretion  of  hydrochloric  acid  by  the  stomach; 
the  normal  amount,  according  to  his  observations,  varies  from  0.1973 
to  0.2227  gram.     In  one  case  B  fell  from  0.4382  to  0.1505  during 
the  administration  of  hydrochloric  acid,  to  increase  again  to  0.4127 
upon  its  discontinuance. 

In  accord   with  these  ol)servations  are  those  of  Wasbutzki  .*ind 

*  Ebstein,  Dcutsoh.  Arch.  f.  klin.  Med.,  vol.  xliv,  p.  346. 

'  Blumcnthal  has  called  attention  to  the  fact  that  this  is  not  necessarily  the 
case,  and  that  an  acid  ferment  at  ion  may  occur  in  lieu  of  the  foTmation  of  aromatic 
products.  He  hence  suggests  that  at  times  it  may  be  necessary  to  estimate  the 
volatile  fattv  acids  also. 

*  Miinch.  med.  Woch..  ISSS. 

*  Deutsch.  Arch.  f.  klin.  Med.,  vol.  Ixix. 
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Kast.^  The  former  found  an  increased  elimination  of  5  in  cases  of 
intense  bacterial  fermentation  taking  place  in  the  stomachy  while 
hydrochloric  acid  was  either  totally  absent  or  present  in  greatly 
diminished  amount.  A  diminished  elimination  was  observed  in  cases 
of  intense  torular  fermentation,  hjperchlorhydria  existing  at  the 
same  time.  In  the  absence  of  hydrochloric  acid  a  normal  or  even 
a  slightly  diminished  amount  was  observed  in  cases  of  intense  acid 
fermentation,  lactic  acid  and  butyric  acid  being  present  in  large 
quantities. 

By  neutralizing  the  gastric  juice  with  large  doses  of  sodium 
bicarbonate  Kast  was  able  to  bring  about  a  marked  increase  in  the 
elimination  of  B,  the  ratio  A  :  B  having  fallen  from  10.3  to  16.1  to 
2.9  to  6.1.  Personal  observations  have  led  me  to  the  same  con- 
clusion.'    (See  also  chapter  on  the  Aromatic  Bodies.) 

In  obstructive  jaundice  the  excretion  of  B  is  likewise  increased; 
it  returns  to  the  normal  as  soon  as  the  permeability  of  the  biliary 
passages  has  again  become  established.  The  total  sulphates  were 
found  diminished  in  cases  of  non-obstructive  jaundice.*  In 
Bohm's*  cases  of  catarrhal  jaundice  the  excretion  of  conjugate 
sulphates  varied  between  0.4  and  0.7  gram.  Of  interest  in  this  con- 
nection are  the  observations  of  Miiller,*  who  notes  the  elimination 
of  0.29,  0.24,  and  0.28  gram  of  conjugate  sulphates  on  three  con- 
secutive days  in  a  case  of  total  obstruction  of  the  biliary  duct  in 
consequence  of  a  stone.  The  patient  during  this  period  was  on  a  milk 
diet,  and  there  can  be  little  doubt  that  the  low  values  are  here  refer- 
able to  the  pure  lactic  acid  producing  organisms  crowding  out  the 
colon  bacilli.  On  a  meat  diet  the  same  patient  passed  0.48  and 
0.51  gram.  Other  observers  have  obtained  less  constant  results  in 
their  cases  of  catarrhal  jaundice.  In  cases  of  hepatic  cirrhosis  and 
malignant  disease  of  the  liver  Eiger''  and  Hopadze^  found  increased 
amounts  of  conjugate  sulphates. 

In  cases  of  diarrhea  A+B,  as  well  as  5,  is  diminished,  while  A:B 
is  increased. 

Of  drugs,  large  doses  of  morphine,  potassium  bromide,  sodium 
salicylate,  and  antifebrin  appear  to  cause  an  increased  elimination  of 
the  total  sulphates,  while  alcohol  slightly  diminishes  the  excretion. 

Most  important  are  the  observations  which  have  established  a 
diminished  excretion  of  the  conjugate  sulphates  following  ingestion 
of  the  terpenes  and  camphor,  Karlsbad  and  Marienbad  water,  which 

*  Kast,  Festsch.  z.  Erfififnung  d.  neuen  allgem.  Krankenhauses,  Hamburg, 
1889.     Wasbutzki,  Arch.  f.  exper.  Path.  u.  Pharmakol.,  vol.  xxvi. 

'  C.  E.  Simon,  Amer.  Jour.  Med.  Sci.,  1895,  vol.  ex. 

•  Ziilzer,  Untere.  iiber  d.  Semiol.  d.  Harns,  Berlin,  1884. 

*  Deutsch.  Arch.  f.  klin.  Med..  1901,  vol.  Ixxi,  p.  73. 
»  Zeit.  f.  klin.  Med^  1887,  vol.  xii. 

•  Inaug.  Diss.,  St.  Petersburg,  1893. 
'  Wratsch,  1893,  Nos.  48  to  50. 
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latter  two,  however,  at  first  cause  an  increase.  Kefir,  in  doses  of 
from  1  to  1.5  liters  pro  die,  has  proved  a  most  excellent  remedy  with 
which  to  combat  this  type  of  intestinal  putrefaction.  Injections  ot 
tannic  acid  and  of  a  saturated  solution  of  boric  acid  apparently  produce 
little  effect  unless  the  dose  is  so  large  as  to  cause  symptoms  d 
poisoning. 

Tests  for  the  Sulphates  in  the  Urine. — ^The  detection  of  the  minml 
and  the  conjugate  sulphates  in  the  urine  depends  upon  the  fact  that 
the  sulphates  of  the  alkalies  are  precipitated  by  barium  chloride  as 
insoluble  barium  sulphate.  In  the  urine  the  addition  of  barium 
chloride  at  the  same  time  causes  a  precipitation  of  the  phosphates. 
These  must  be  kept  in  solution  by  the  addition  of  an  acid,  acetic 
acid  being  employed  for  this  purpose  whenever  the  presence  of  the 
mineral  sulphates  is  to  be  demonstrated;  hydrochloric  acid  is  inad- 
missible, as  it  would  cause  the  decomposition  of  the  conjugate  sul- 
phates and  set  free  the  sulphuric  acid  thus  held. 

To  test  for  the  mineral  siUphaies,  a  few  cubic  centimeters  of  urine 
strongly  acidified  with  acetic  acid  are  treated  with  a  few  drops  of  a 
solution  of  barium  chloride,  when  in  their  presence  a  cloud  or  a 
white  precipitate  of  barium  sulphate  will  occur. 

To  test  for  the  conjugate  sulphates,  25  c.c.  of  urine  are  treated 
with  about  the  same  volume  of  an  alkaline  barium  chloride  mixture 
(2  volumes  of  a  solution  of  barium  hydrate  and  1  volume  of  a  solu- 
tion of  barium  chloride,  both  saturated  at  ordinary  temperatures) 
and  filtered  for  a  few  minutes,  the  preformed  sulphates  as  well  as 
the  phosphates  being  thus  removed.  The  filtrate  is  then  stron^y 
acidified  with  hydrochloric  acid  and  boiled;  the  occurrence  of  a  pre- 
cipitate is  referable  to  conjugate  sulphates. 

Quantitative  Estimation  of  the  Sulphates. — ^The  principle  of  the 
method  is  the  same  as  that  just  described,  the  mineral  sulphates 
forming  an  insoluble  precipitate  of  barium  sulphate  directly  when 
treated  with  barium  chloride,  while  the  conjugate  sulphates  do  so 
only  upon  decomposition  with  strong  hydrochloric  acid  under  the 
application  of  heat.  In  order  to  estimate  the  mineral  and  conjugate 
sulphates,  it  is  best  to  determine  the  total  sulphates  in  one  portion 
and  the  conjugate  sulphates  in  another,  the  difference  between  the 
two  giving  the  mineral  sulphates. 

Quantitative  Estimation  of  the  Total  Sulphates  (Folin) . — ^50  c.c.  of 
clear,  filtered  urine  are  treated  with  5  c.c.  of  concentrated  hydro- 
chloric aid  and  5  c.c.  of  a  4  per  cent,  solution  of  potassium  chlorate. 
The  mixture  is  boiled  until  it  is  colorless  (five  to  ten  minutes)  and 
then  treated,  while  still  boiling,  with  25  c.c.  of  a  10  per  cent,  solution 
of  barium  chloride,  drop  by  drop.  It  is  kept  on  a  hot- water  bath  or 
on  an  asbestos  plate  hot  (hut  not  boiling)  for  one-half  to  one  hour. 
The  precipitate  is  now  collected  on  a  Schleicher  and  Schiill  filter, 
the  weight  of  the  ash  of  which  is  known  (No.  589).     Care  should  be 
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taken  never  to  allow  the  filter  to  run  dry,  and  small  amounts  of  hot 
water  must  be  added  to  the  last  cubic  centimeters  remaining,  the  final 
traces  being  placed  upon  the  filter  with  the  aid  of  a  rubber-tipped 
glass  rod.  The  precipitate  is  washed  with  hot  water  for  a  half-hour, 
and  at  intervals  of  a  few  minutes  hot  ammonium  chloride  solution 
(5  per  cent.)  is  substituted  for  the  water,  so  that  in  all  five  or  six 
additions  of  ammonium  chloride  take  place  in  the  course  of  the  first 
twenty  minutes'  washing.  In  the  end  a  specimen  of  the  washings 
must  no  longer  be  rendered  cloudy,  even  on  standing  a  few  minutes, 
upon  adding  a  drop  of  dilute  sulphuric  acid. 

The  paper  filter  is  partially  dried  by  folding  and  pressing  gently 
between  filter  paper.  It  is  then  placed  in  a  weighed  crucible, 
covered  with  3  to  4  c.c.  of  alcohol,  and  the  alcohol  ignited.  The  ash 
is  heated,  at  first  moderately,  and  almost  completely  covered  with  the 
lid,  then  only  half  covered,  for  five  to  seven  minutes,  until  the  contents 
of  the  crucible  are  white.  The  crucible,  when  cooled,  is  placed  in 
a  desiccator  and  weighed,  the  difference  between  the  first  and  the 
second  weighing  giving  the  weight  of  the  barium  sulphate  obtained 
from  50  c.c.  of  urine. 

Quantitative  Estimation  of  the  Conjugate  Sulphates  (Folin).^-200 
c.c.  of  urine  (diluted  to  a  liter  if  necessary)  are  treated  with  100  c.c. 
of  a  10  per  cent,  solution  of  barium  chloride,  at  ordinary  tempera- 
ture. The  mixture  is  set  aside  for  twenty-four  hours  and  the  clear 
supernatant  fluid  poured  into  a  dry  beaker  by  decanting.  This  pre- 
liminary decantation  is  necessary,  as  the  barium  sulphate  precipitate 
will  otherwise  go  through  the  paper.  The  decanted  liquid  is  filtered, 
150  c.c.  of  the  clear  filtrate,  representing  100  c.c.  of  urine,  measured 
into  an  Erlenmeyer  flask,  treated  with  10  to  15  c.c.  of  concentrated 
hydrochloric  acid  and  10  to  15  c.c.  of  a  4  per  cent,  solution  of  potas- 
sium chlorate.  The  mixture  is  then  heated  to  boiling  and  kept  upon 
a  boiling  water  bath  until  the  barium  sulphate  has  settled  and  the 
supernatant  fluid  is  clear.  The  precipitate  is  filtered  off,  washed, 
dried,  and  weighed,  as  described  above.  The  weight  thus  obtained, 
deducted  from  the  amount  found  according  to  the  first  method,  indi- 
cates the  amount  referable  to  the  mineral  sulphates.  The  molecular 
weight  of  BaSO,  being  232.82,  that  of  SO,  79.86,  of  H^SO,  97.82, 
and  of  S  32,  the  figure  expressing  the  amount  of  H2SO^,  SO3,  or  S, 
corresponding  to  1  gram  of  BaSO^,  is  found  according  to  the  follow- 
ing equations: 

232.82  :  79.86  :  :  1  :  a:;  and  a:  =  0.34301.  .'.  1  gram  of  BaSO,  = 
0.34301  gram  of  SO,. 

232.82  :  97.82  :  :  1  :  X]  and  a:  =  0.42015.  .'.  1  gram  of  BaSO,  = 
0.42015  gram  of  H^O,. 

232.82  :  32  :  :  1  :  x\  and  x  =0.13744.  .'.    1  gram  of  BaSO,  = 
0.13744  gram  of  S. 

To  calculate  results,  it  is  only  necessary  to  multiply  the  weight  of 
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the  BaSO,  by  0.34301,  0.42015,  or  0.13744,  in  order  to  ascertain  the 
amount  of  sulphuric  acid  contained  in  50  c.c.  of  urine,  in  tenns  of 
SO3,  HjSO^,  or  S,  respectively. 

Literature. — E.  Salkowski,  Zeit.  f .  physiol.  Chem.,  1886,  vol.  x,  p.  346;  and 
Virchow's  Arch.,  1888,  vol.  Ixxix,  p.  551.  O.  Folin,  Amer.  Jour.  of.  ftivskiogy, 
1902,  vol.  vii,  p.  152. 

Neutral  Sulphur. 

While  the  greater  portion  of  the  sulphur  of  the  body  is  eliminated 
in  an  oxidized  form,  small  amounts  of  non-oxidized  sulphur  bodies 
are  likewise  found  in  every  urine.  They  are  collectively  spoken  of 
as  the  neutral  sulphur  of  the  urine,  and  under  normal  conditions 
constitute  from  12  to  15  per  cent,  of  the  total  sulphur.  The  rela- 
tion existing  between  the  oxidized  and  the  neutral  form  is,  however, 
inconstant,  and  varies  with  the  character  of  the  diet,  the  degree  of 
the  proteid  metabolism,  etc. 

Of  the  nature  of  the  neutral  sulphur  bodies  which  occur  in  tior- 
mal  urine,  comparatively  little  is  known.     At  the  present  time  we 
are  acquainted  with  only  two  substances  belonging  to  this  order, 
viz.,  certain  sulphocyanides  and  cystein,  or  a  body  which  is  closely 
related  to  it.    The  greater  portion  of  the  svlphocyanides  is  undoubt- 
edly derived  from  the  saliva  that  has  been  swallowed  and  absorbed, 
while  a  smaller  amount  may  be  referable  to  the  trace  which  is  said 
to  be  present  in  normal,  uncontaminated  gastric  juice.     The  amount 
of  sulphur  which  is  present  in  this  form  represents  about  one-third 
of   the  total   quantity  of  the   neutral   sulphur.     Cystein    probably 
is  an   interniediar)^  product  of  the  normal  metabolism  of  proteid 
material.     Under  normal  conditions,  however,  the  greater  portion 
is  oxidized  to  sulphuric  acid,  and  traces  only  escape  to  be  eliminated 
as  such. 

Whether  or  not  iaurocarhaminic  acid,  which  is  a  derivative  of 
taurin,  is  a  constant  constituent  of  the  urine  remains  an  open  question, 
but  is  verv'  prol)al)le.  We  know,  as  a  matter  of  fact,  that  the  amount 
of  neutral  sulphur  undergoes  a  distinct  diminution  in  animals  when 
the  bile  is  prevented  from  entering  the  intestinal  canal  by  establisli- 
ing  an  external  fistula.  Under  pathological  conditions  a  correspond- 
ing increase  is  ohser\'ed  in  cases  of  biliary  obstruction,  and  the 
amount  of  neutral  sulphur  may  then  reach  40  per  cent,  of  the  total 
sulphur. 

Thiosulphates,  which  are  normally  present  in  the  urine  of  dogs 
and  cats,  do  not  occur  in  human  urine  under  normal  conditions. 
That  they  may  l)e  present  in  disease  has  been  shown  by  Striimpell, 
who  foimd  them  in  a  case  of  typhoid  fever.  Further  observations, 
however,  are  wanting. 

Another  sulphur  body  belonging  to  this  class,  which  Abel  dis- 
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covered  in  the  urine  of  dogs^  and  which  appears  to  be  identical  with 
dhyl  sulphide,  has  not  been  found  in  the  urine  of  man. 

The  greatest  increase  in  the  amount  of  the  neutral  sulphur  is 
observed  under  certain  conditions  associated  with  the  appearance 
of  cystin.  Normally  this  is  not  present  in  the  urine,  while  traces 
of  cystein,  or  a  closely  related  substance,  as  I  have  already  stated, 
are  found.  Cystin  is  of  albuminous  origin^  and  as  a  matter  of  fact 
it  has  been  ascertained  that  all  of  the  loosely  combined  sulphur 
and  even  a  portion  of  the  firmly  combined  form  exists  in  the  albu- 
mins in  the  form  of  the  cystin  complex.  According  to  Baumann 
and  V.  Udranszky,  its  appearance  in  the  urine  is  closely  connected 
with  the  formation  of  certain  diamins,  viz.,  cadaverin,  putrescin, 
and  a  third  diamin  which  is  probably  identical  with  saprin  or  neu- 
ridin.  As  these  diamins  were  hitherto  supposed  to  result  only  from 
the  action  of  certain  specific  bacteria  upon  albuminous  material, 
cystinuria  was  regarded  as  evidence  of  a  definite  infectious  pro- 
cess. It  is  to  be  noted,  however,  that  cystin  itself  does  not  occur 
in  the  feces,  and  that  diaminuria  does  not  necessarily  accompany 
the  cystinuria.  As  the  result  of  personal  observations  I  have  been 
led  to  the  conclusion  that  a  causal  connection  does  not  exist  between 
the  two  conditions,  and  that  the  diamins  in  question  can  be  pro- 
duced in  the  body  tissues  directly  without  the  intervention  of  micro- 
organisms. I  regard  cystinuria  essentially  as  a  metabolic  anomaly, 
the  result  of  a  specific  insufficiency  on  the  part  of  certain  tissues 
(liver)  of  the  body.  The  condition  may  be  temporary,  but  as  a  rule 
it  is  permanent.  It  may  occur  among  several  members  of  the  same 
family,  but  it  is  noteworthy  that  no  case  has  been  reported  in 
which  a  parent  and  child  were  cystinuric.  Consanguinity  among 
parents,  which  is  not  infrecjuently  observed  in  cases  of  alkaptonuria, 
is  the  exception  in  cystinuria. 

In  this  connection  it  is  interesting  to  note  that  according  to  Lowy 
and  Neuberg^  the  cystinuric  is  not  able  to  oxidize  other  mono-  and 
diamino  acids  when  given  by  the  mouth,  and  that  tyrosin  and  aspar- 
tic  acid  will  reappear  as  such,  while  lysin  and  arginin  are  eliminated 
as  cadaverin  and  putrescin.  Folin  and  I  have  not  been  able  to  verify 
this  observation  so  far  as  ty  rosin  goes.  Abderhalden',  on  the  other 
hand,  found  tyrosin  and  leucin  in  the  urine  of  a  cystinuric,  who  had 
not  been  fed  any  tyrosin  as  such. 

The  amount  of  neutral  sulphur  which  may  be  met  with  in  cystin- 
uria is  subject  to  wide  variation,  but  not  infrequently  exceeds  30 
per  cent,  of  the  total  sulphur.  As  a  general  rule,  the  amount  of 
cystin  eliminated  in  the  twenty-four  hours  is  less  than  0.5  gram. 
At  times,  however,  larger  quantites  are  found,  and  on  one  occasion 

*  Zeit.  f.  phvsiol.  Chem.,  vol.  xliii,  p.  338. 

'  Abderhalden  and  Schittenhelm,  ibid.,  vol.  xly,  p.  468.  C.  E.  Simon, 
ibid.,  vol.  :dv,  p.  24. 
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I  obtained  more  than  1  gram.  Clinically  it  is  of  interst  in  so  far  as 
its  continued  production  may  give  rise  to  the  formation  of  ciUculL 

Unless  cystin  occurs  as  a  deposit,  its  presence  will  scarcdy  be 
suspected.  The  substance,  however,  may  occur  also  in  solution, 
and  it  not  infrequently  happens  that  attention  is  first  drawn  toward 
its  existence  in  this  state  owing  to  the  marked  odor  of  hydrogen 
sulphide  which  such  urines  develop  on  standing  (see  Hydrothwn- 
uria).  If  acetic  acid  is  then  added  in  excess,  the  ^characteristic 
hexagonal  plates  may  crystallize  out.  The  same  result  is  obtained 
by  allowing  the  urine  to  undergo  ammoniacal  decomposition,  as 
cystin  is  insoluble  in  solutions  of  ammonium  carbonate. 

Structurally  cystin  is  the  disulphide  of  cystein,  which  latter  is 
a-amino-^-thiolactic  acid.  On  reduction  it  is  transformed  into 
cystein  according  to  the  equation: 

CHjS S.CHj  CH,.SH 

CH.NH,  CH.NH,  -I-  2H  =  2CH.NH, 

I  I  I 

COOH  COOH  COOH 

Cystin  crystallizes  in  hexagonal  plates  which  are  quite  characteristic, 
and  not  likely  to  be  confounded  with  other  crystalline  elements  that 
may  be  present  in  urinary  sediments.  If  doubt  should  arise,  their 
solubility  in  ammonia  and  hydrochloric  acid,  and  their  insolubility 
in  acetic  acid,  water,  alcohol,  and  ether,  will  lead  to  their  identifi- 
cation. 

The  quantitative  estimation  of  cystin  is  rather  unsatLsfactorj^  as 
no  method  is  known  which  yields  reliable  results.  On  the  whole,  it 
is  perhaps  best  to  determine  the  neutral  sulphur,  and  to  refer  tlie 
increase  l)eyon(l  its  nonnal  value  to  the  presence  of  cystin. 

Quantitative  Estimation  of  the  Neutral  Sulphur  in  the  Urine. — In  one 
portion  of  urine  the  oxidized  sulphur,  viz.,  the  mineral  and  the  con- 
jugate sulphates,  arc  estimated  as  described.  In  a  second  portion 
the  total  sulphur  is  determined,  the  difference  indicating  the  amount 
of  the  neutral  sulphur. 

To  determine  the  total  amount  of  sulphur  the  following  method  is 
most  conveniently  employed: 

Method  of  Hbhnel-Glaser  (modified  by  Modrakowsky*) :  1  or  2 
grams  of  sodium  peroxide  are  placed  in  a  nickel  dish,  and  covered 
with  50  c.c.  of  urine,  added  drop  by  drop.  The  fluid  is  evaporated 
to  a  syrup  on  a  water  bath,  and  further  treated  with  2  to  3  grams  of 
the  peroxide,  wliich  is  added  slowly  while  stirring.  As  soon  as  the 
reaction,  which  at  first  is  (juite  vigorous,  has  subsided  somewhat,  the 
dish  is  removed  from  the  water  bath  and  heated  with  a  small  alcohol 
lamp.     If  necessary',  1  to  3  grams  more  of  the  peroxide  are  added. 

*  Zeit,  f.  phys.  Chem.,  1903,  vol.  xxxviii,  p,  563. 
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The  mass  now  forms  brown  drops  and  finally  becomes  thick;  this 
ends  the  reaction.  On  cooling,  the  fusion  is  dissolved  in  hot  water; 
the  solution  is  filtered  and  feebly  acidified  with  hydrochloric  acid. 
Barium  chloride  is  then  added  and  the  process  continued  as  above 
described  (Estimation  of  Sulphates). 

Literature. — E.  SalkowskijVirchow's  Archiv,vol.  Ixvi,  p.  313,  and  vol.  cxxxvii, 

E.  381.  Goldmann  u.  Baumann,  "Zur  Kenntniss  der  Schwefelhaltigen  Ver- 
indungen  des  Hams,"  Zeit.  f.  physiol.  Chem.,  vol.  xii,  p.  254.  E.  sSkowski, 
Virchow's  Archiv,  vol.  Iviii,  p.  461.  J.  Munk,  ibid.,  vol.  Ixix,  p.  354 ;  and  Eteutsch. 
med.  Woch.,  1877,  No.  46.  O.  Schmiedeberg,  "Ueber  das  Vorkommen  yon 
Unter8chweflif|er  Saure  im  Ham,"  Arch.  d.  Heilk,  vol.  viii,  p.  425.  A.  StriimpeU, 
ibid.,  vol.  xvii,  p.  390.  J.  Abel,  "Uel)er  das  Vorkommen  von  Ethylsulfid  im 
Hundeham,"  etc.,  Zeit.  f.  physiol.  Chem.,  vol.  xx,  p.  253.  (See  also  Cystinuria 
and  Hydrothionuria.)  C.  E.  Simon,  "  Cystinuria  ana  its  Relation  to  Diaminuria," 
Amer.  Jour.  Med.  Sci.,  1900,  vol.  cxix,  p.  39.  C.  E.  Simon  and  M.  W.  I^wis, 
**  Transitory  Cystinuria,"  ibid.,  1902,  vol.  exxiii,  p.  838.  C.  E.  Simon  and  D.  G. 
J.  Campbell,  "A  Contribution  to  the  Study  of  Cystmuria,"  Johns  Hopkins  Hospital 
Bull..  1904,  vol.  XV,  p.  365. 

Urea. 

Urea  is  the  most  important  nitrogenous  constituent  of  the  urine, 
and  nonnally  represents  from  85  to  86  per  cent,  of  the  total  amount 
of  nitrogen  which  is  eliminated  by  the  kidneys.  Chemically,  it  may 
be  regarded  as  carbamide — i,  e,,  as  the  amide  of  carbonic  acid — and 
is  represented  by  the  formula 

/NH, 

coc 
\nh,. 

It  is  thus  a  comparatively  simple  substance,  and  the  question  natu- 
rally arises:  What  relation  does  urea  bear  to  the  complex  albuminous 
molecule  from  which  it  is  derived?  According  to  the  older  concept 
of  the  process  of  albuminous  digestion  this  leads  to  the  formation  of 
albumoses  and  peptones,  which  latter  were  reganled  as  a  unity  and 
as  very  complex  substances.  From  these  bodies  the  reconstniction 
of  the  albuminous  molecule  then  supposedly  took  place  in  the  intesti- 
nal mucous  membrane,  whence  the  resulting  albumin  found  its  way 
into  the  blood  and  lymph.  Here  it  existed  as  so-called  circulating 
albumin,  in  contradistinction  to  the  organized  albumin  of  the  cells. 
Voit  further  taught  that  the  circulating  albumin  is  broken  down  in 
the  tissues  at  large,  through  the  special  activity  of  the  living  proto- 
plasm, but  without  becoming  an  integral  part  of  the  cells  before  its 
destruction.  Pfliiger,  on  the  other  hand,  took  the  contrary  view 
according  to  which  the  circulating  albumin  must  become  part  and 
parcel  of  the  cells  before  it  can  undergo  katabolic  disintegration.  In 
either  event  it  was  generally  accepted  that  urea  was  derived  from  the 
tissues  of  the  body  at  large  and  to  a  great  extent  from  the  muscles. 
Regarding  the  nature  of  its  int^nnediary  antecedents,  Drechsel  sup* 
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posed  that  amino-acids  first  result  by  hydrolysis  in  the  tissues,  and 
that  ammonia,  water,  and  carbon  dioxide  are  tfien  formed  from  these 
by  oxidation.  Ammonia  and  carbon  dioxide  then  combine  and  fonn 
ammonium  carbamate,  which  is  carried  to  the  liver  and  is  there  trans- 
formed into  urea  through  loss  of  water.  These  stops  are  represented 
by  the  equations: 

1.  CH,.NH,.CX30H  +30  =  NH,+  2CX),+  H,0. 

GlycooolL. 

/NH, 

2.  CO,+  2NH3=COC 

\O.NH,. 

3.  C0(  /NH, 

\O.NH,— H,O  =  C0C 

\NH,. 
Urea. 

As  a  matter  of  fact  it  is  well  known  that  the  ingestion  of  amino- 
acids  leads  to  an  increased  elimination  of  urea  and  that  the  liver  plays 
an  important  role  in  its  final  formation.  But  there  is  still  much 
doubt  whether  amino-acids  are  formed  in  the  tissues  at  lai^  to  such 
an  extent  as  the  older  theories  of  Voit  and  Pfliiger  would  demand. 
It  is  rather  significant  that  normally  they  are  scarcely  ever  encoun- 
tered in  the  tissues  of  the  mammalian  organism,  and  for  some  years 
past  there  has  been  a  growing  tendency  to  regard  anunonium  para- 
lactate  as  the  principal  form  in  which  the  greater  portion  of  the  nitrogen 
leaves  the  tissues.  In  the  liver  this  is  then  supposedly  transformed 
into  ammonium  carbonate,  from  which  the  urea  results  with  the  inter- 
mediary fonnatioii  of  ammonium  carbamate. 

This  hypothesis  has  certain  facts  in  its  favor.  We  thus  find  that 
after  extirpation  of  the  liver  in  geese  the  uric  acid,  which  in  birds  plays 
the  same  part  as  the  urea  in  mammals,  disappears  and  is  largely 
replaced  by  ammonium  lactiite.  In  diseases  of  the  liver,  moreover, 
in  which  an  extensive  destruction  of  the  parenchyma  is  taking  place, 
as  in  some  cases  of  acute  yellow  atrophy,  in  phosphorus  poisoning, 
etc.,  the  elimination  of  urea  is  diminished,  and  in  its  place  a  cor- 
respondint^  amount  of  ammonia  in  combination  with  lactic  acid  is 
found.  In  dogs  in  which  the  liver  has  been  in  part  excluded  from 
the  general  circulation  l)y  the  establishment  of  an  Eck  fistula,  and 
in  which  the  hepatic  arter>'  has  at  the  same  time  been  ligated,  the 
elimination  of  urea  is  much  diminished,  while  that  of  ammonia 
increases  rapidly  so  soon  as  the  first  symptoms  of  illness  appear  in 
the  animals.  From  these  observations  it  is  apparent  also  that  the 
synthesis  of  urea  takes  place  in  the  liver.  This  is  further  proved 
by  the  fact  that  on  transfusion  of  isolated  livers  of  dogs  with  blood 
to  which  ammonium  carbonate  or  ammonium  lactate  has  been  added, 
urea  is  formed  as  a  result.  In  other  organs  of  the  body  this  synthesis 
apparently  does  not  occur,  l)ut  there  is  evidence  to  show  that  at  least 
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a  small  amount  of  urea  originates  elsewhere  within  the  body  through 
processes  of  hydrolysis.  This  amount,  however,  is  unquestionably 
slight.  That  a  fraction,  moreover,  is  formed  from  uric  acid,  and  in 
the  last  instance  from  the  xanthid  bases  through  processes  of  oxida- 
tion, can  scarcely  be  doubted,  but  this  transformation  apparently  also 
takes  place  in  the  liver.^ 

Of  late  Folin*  has  formulated  a  theory  of  proteid  metabolism  which 
in  my  judgment  is  more  in  conformity  with  our  present  knowledge  of 
proteid  digestion  and  more  satisfactorily  explains  many  questions 
connected  with  the  subject  of  nitrogenous  metabolism  than  any 
other.  He  distinguishes  sharply  between  tissue  metabolism  or  en- 
dogenous metabolism  which  tends  to  be  constant,  and  exogenous  or 
intermediate  metabolism  which  is  variable.  As  essential  nitrogenous 
end  product  in  the  first  instance  he  regards  kreatinin,  the  elimination 
of  which  he  finds  practically  constant  for  one  and  the  same  individual. 
Urea,  according  to  his  conception,  is  the  principal  nitrogenous  end 
product  in  the  case  of  the  exogenous  metabolism.  According  to  his 
idea  the  amino-acids  which  result  on  gastro-intestinal  digestion,  in 
so  far  as  they  are  not  needed  immediately  to  make  up  for  tissue  loss 
in  nitrogen,  are  at  once  desamidized  in  the  liver.  The  non-nitrog- 
enous remainder  is  then  utilized  in  the  formation  of  fats  and  carbo- 
hydrates, while  the  amino  group  gives  rise  to  the  formation  of  urea. 

In  this  manner  the  presence  of  the  large  amounts  of  ammonium  com- 
pounds which  are  found  in  the  portal  blood  during  digestion  is  well 
explained.  But  as  Howell  remarks,  while  a  portion  and  perhaps  a 
large  portion  of  the  urea  arises  from  this  early  hydrolysis  of  the  pro- 
teids  of  the  food  we  must  admit  also  that  ammonium  compounds  may 
be  formed  in  the  tissues  of  the  body  generally,  probably  by  a  similar 
process  of  hydrolysis  followed  by  oxidation.  This  would  suggest 
itself  especially  under  pathological  conditions  where  the  amount  of 
urea  nitrogen  may  be  in  excess  of  that  corresponding  to  the  ingested 
food. 

It  has  been  stated  that  84  to  86.6  per  cent,  of  all  the  nitrogen 
eliminated  in  the  urine  is  in  the  form  of  urea,  the  remaining  13.4 
per  cent,  being  excreted  as  uric  acid,  hippuric  acid,  kreatinin,  xanthin 

'  The  origin  of  urea:  O.  Schultzen  u.  M.  Nencki,  Zeit.  f.  Biol.,  1872,  vol.  viii, 
p.  124.  E.  Salkowsld,  Zeit,  f.  physiol.  Chem.,  1879,  vol.  iv,  p.  100.  v.  Knieriem, 
Zeit.  f.  Biol.,  1874,  vol.  x,  p.  279.     E.  Salkowski,  Zeit.  f.  physiol.  Chem.,  1877, 


d.  Sci  biol.  de  St.  Petersburg,  1892,  vol.  i. 

Seat  of  formation:  W.  v.  Schrdder,  Arch.  f.  exper.  Path.  u.  Pharmakol.,  1882, 
vol.  XV,  p.  364.  W.  Salomon,  Virchow's  Archiv,  1884,  vol.  xcvii,  p.  149.  Min- 
kowski, Ueber  d.  Einfluss  d.  Leberextirpation  auf  d.  Stoflfwechsel,"  Arch.  f. 
exper.  Path.  u.  Pharmakol.,  1886,  vol.  xxi,  p.  41,  and  1893,  vol.  xxxi,  p.  214. 

*  C.  Voit.  Physiol,  d.  alle.  Stoffwechsels  u.  d.  Em&hning.  Hermans'  Hand- 
buch  d.  Physiol.,  1881,  vol.  vi,  I.  p.  301.  O.  Folin,  Amer.  Jour,  of  Physiol., 
1905,  vol.  xiii. 
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bases,  etc.  It  might  hence  be  supposed  that  an  accurate  idea  of 
the  d^ree  of  tissue  destruction  could  be  fonned  from  a  quantita- 
tive estimation  of  urea.  This,  however,  is  not  the  case,  and  espedalh 
in  pathological  conditions,  as  the  quantitative  relations  existing 
between  the  excretion  of  urea  and  the  remaining  nitrogenous  con- 
stituents are  subject  to  wide  variation.  In  acute  yellow  atrophy, 
for  example,  urea  may  disappear  entirely  from  the  urine,  the  nitrogen 
being  eliminated  in  the  form  of  other  compounds  (leucin,  tyrosin, 
glyccfcoU,  etc.).  Whenever  it  becomes  desirable,  then,  to  gain  an 
accurate  insight  into  the  degree  of  proteid  destruction  or  protdd 
assimilation — in  other  words,  into  the  nitrogenous  metabolism — taking 
place  in  the  body,  it  is  necessary  to  resort  to  a  quantitative  determina- 
tion of  the  total  amount  of  nitrogen  excreted  by  the  kidneys;  the 
quantity  found  is  then  conveniently  expressed  in  terms  of  urea.  At 
the  same  time  it  is  customary  to  express  the  amount  of  proteid  tissue 
which  is  destroyed,  as  muscle  tissue,  as  this  serves  as  a  fair  type  of 
body  tissue  in  general. 

As  100  grams  of  lean  muscle  tissue  contain  about  3.4  grams  of 
nitrogen,  corresponding  to  7.286  grams  of  urea,  1  gram  of  the  latter 
is  equivalent  to  13.72  grams  of  muscle  tissue.  It  is,  hence,  only 
necessary  to  multiply  the  quantity  of  urea  eliminated  in  the  twenty- 
four  hours,  corresponding  to  the  total  amount  of  nitrogen  found 
by  13.72,  in  order  to  obtain  an  idea  of  the  extent  of  albuminous 
destruction  taking  place  in  the  body.  If  accurate  results  are  desired, 
it  becomes  necessary  to  determine  also  the  amount  of  nitrogen  elimi- 
nated in  the  feces,  a  knowledge  of  the  quantity  in  the  food  ingested 
being,  of  course,  presupposed. 

With  all  these  data  given,  the  nitrogenous  metabolism  of  the  body 
can  be  accurately  controlled. 

Example. — A  patient  eliminates  50  grams  of  urea  in  twenty-four 
hours;  these  50  grams  correspond  to  50  X  13.72 — L  c,  686  grams 
of  lean  muscle  tissue;  on  the  other  hand,  he  ingests  an  amount  of 
nitrogenous  material  corresponding  to  only  10  grams  of  urea,  equiva- 
lent to  10  X  13.72 — /.  6?.,  137.2  grams  of  muscle  tissue.  The  dif- 
ference between  the  amount  ingested  and  that  excreted  in  this  case — 
i.  e.y  548.8  grams — must  be  referable  to  the  destruction  of  organized 
albumin. 

When  the  amount  of  nitrogen  eliminated  is  equivalent  to  that  in- 
gested, nitrogenous  equilibrium  is  said  to  exist.  A  healthy  person  is 
approximately  in  this  condition. 

During  starvation  urea  is  still  eliminated  from  the  body,  although 
in  diminshed  amount.  The  question  now  arises,  \Vhat  happens  if 
at  this  time  an  amount  of  nitrogenous  food  is  given  which  corresponds 
exactly  in  amount  to  that  eliminated?  Under  such  conditions  an 
increased  elimination  of  nitrogen  takes  place,  all  of  the  nitrogen 
ingested,  in  addition  to  that  resulting  from  a  breaking  down  of  body 
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tissues,  being  excreted.  The  amount  of  nitrogen  referable  to  the 
latter  source,  however,  is  somewhat  less  than  that  eliminated  in  the 
total  absence  of  food.  Unless  starvation  has  been  pushed  too  far, 
the  body  accommodates  itself  to  the  amount  of  food  thus  given  and 
nitrogenous  equilibrium  is  restored.  If  more  food  is  allowed  an 
increased  elimination  results,  which  again  leads  to  a  condition  of 
nitrogenous  equilibrium,  different  levels,  so  to  speak,  being  possible. 

It  is  apparent,  then,  that  the  elimination  of  urea,  and  of  nitrogen 
in  general,  is  subject  to  great  variation  and  depends  to  a  great  extent 
upon  the  amount  ingested.  A  statement  in  figures  expressing  the 
daily  elimination  of  urea  and  of  nitrogen  would,  hence,  be  of  very 
little  value,  especially  in  pathological  conditions,  in  which  the  amount 
of  nitrogen  ingested  is  frequently  very  small.  The  elimination  of 
nitrogen  should  hence  always  be  compared  with  the  amount  ingested, 
for  which  purpose  the  tables  of  Konig^  will  be  found  most  convenient. 
At  the  same  time  it  must  be  remembered  that  not  all  the  nitrogen 
taken  into  the  body  as  food  undergoes  resorption,  and  that  a  variable 
amount,  which  in  disease  may  be  considerable,  is  eliminated  with  the 
feces,  so  that  in  accurate  work  this  nitrogen  also  must  be  taken  into 
account.  In  order  to  obviate  the  tedious  estimation  of  nitrogen  in  the 
feces,  it  has  been  proposed  to  determine  the  standard  amount  of  urea 
which  should  appear  in  the  urine  of  a  healthy  person  under  different 
forms  of  diet.  Such  experiments,  of  course,  presuppose  the  control 
person  to  be  in  a  condition  of  nitrogenous  equilibrium,  which,  from 
what  has  been  said  above,  is  readily  accomplished,  as  the  human  body 
adapts  itself  with  ease  to  different  forms  of  diet.  In  general  practice, 
however,  such  a  procedure  would  be  difficult,  but  here  approximate 
results  can  be  obtained  from  a  parallel  estimation  of  the  chlorides.  In 
health  the  elimination  of  the  chlorides  may  be  placed  at  about  one- 
half  of  the  urea.  Whenever  the  nitrogen  resulting  from  tissue 
destruction  is  in  excess  of  that  referable  to  the  proteids  ingested,  this 
relation  between  the  excretion  of  chlorides  and  urea  will  be  disturbed, 
as  the  tissues  of  the  body  contain  very  litte  sodium  chloride.  When- 
ever the  amount  of  urea  is  in  excess  of  the  normal  amount  of  chlo- 
rides, as  indicated  above,  an  increased  tissue  destruction  may  be  in- 
ferred, and  vice  versa.  If,  on  the  other  hand,  the  chlorides  are  present 
in  diminished  amount,  the  conclusion  may  be  drawn  that  a  retention 
of  albumins  is  taking  place  in  the  body;  this  is  observed  frequently 
during  convalescence  from  acute  febrile  diseases. 

In  most  text-books  the  statement  is  found  that  the  normal  daily 
elimination  of  urea  varies  between  30  and  35  grams.  This  would 
imply  that  a  lower  amount  could  be  viewed  as  abnormal.  But,  as 
I  have  pointed  out,  the  urea  elimination  depends  essentially  upon  the 
amount  of  proteid  food  ingested,  and  I  have  long  maintained  that  the 

*  Cbemie  d.  menschlichen  Nahrungs  u.  Genussmittel,  Berlin,  1893. 
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consumption  of  such  large  amounts  of  proteids  as  would  lead  to  the 
elimination  of  the  quantities  stated  is  totally  unnecessaiy.  Evei; 
clinician  no  doubt  can  recall  data  which  would  tend  to  support  this 
view,  and  Chittenden  and  Folin  have  demonstrated  the  same  fact  by 
numerous  observations.  As  Folin  says:  the  immediate  eliminatioo 
of  the  greater  part  of  the  nitrogen  contained  in  118  to  130  grams  of 
proteid  (Voit's  standard)  by  means  of  the  exogenous  katabolism  would 
seem  to  constitute  very  strong  evidence  in  favor  of  the  view  that  the 
proteid  so  katabolized  can  without  harm,  if  not  with  advantage,  be 
replaced  by  an  equivalent  quantity  of  carbohydrates. 

An  increase  in  the  amount  of  urea,  and,  as  a  matter  of  fact,  of  all 
the   nitrogenous   constituents,  is   observed   esf)ecially  in   the  acute 
febrile  diseases,  notwithstanding  the  diminished  ingestion  of  nitrog- 
enous material,  and  is  ascribed  to  the  greatly  increased  tissue  destruc- 
tion.^   An  excretion  of  50  grams  or  more  is  here  frequently  observed. 
Formerly  it  was  thought  that  the  fever  itself  was  responsible  for 
this  increased  elimination.     But  this  view  became  untenable  when 
it  was  shown  that  the  excretion  of  urea  in  the  b^inning  of  a  febrile 
attack  is  not  proportionate  to  the  height  of  the  temperature,  reach- 
ing its  higest  point  only  when  the  fever  has  been  continuous  for  several 
days.    Still  larger  amounts,  moreover,  may  be  eliminated  when  the 
fever  is  abating.    Similar  observations  have  since  been  made.    An 
increased  elimination  of  nitrogen  may  also  be  noted  in  almost  every 
case  of  ague  preceding  the  onset  of  the  fever.    The  latter,  therefore, 
cannot  he  the  only  factor  which  causes  the  increased  excretion  of 
urea,  and  it  has  been  suggested  that  the  cells  of  the  body  have  last  the 
power  of  taking  up  nitrogen.     The  quCvStion,  however,  whether  this  is 
dependent  upon  the  increase  in  temperature  or  the  action  of  certain 
toxic  substances  circulating  in  the  blood,  or  upon  both,  still  remains 
unanswere<l. 

The  large  increase  in  the  elimination  of  nitrogen  in  febrile  dis- 
ea.ses  is  especially  striking  in  those  which  end  by  crisis.  This  is 
notal)ly  the  case  in  pneumonia,  in  which  it  may  persist  for  two  or 
three  davs  after  the  occurrence  of  the  crisis  and  is  then  no  doubt 

« 

largely  due  to  the  resoq^tion  of  the  exudate. 

Apparently,  the  only  exception  to  the  rule  that  the  amount  of 
urea  is  increased  in  acute  febrile  diseases  is  acute  yellow  atrophy, 
in  which  the  excretion  of  urea  is  not  only  greatly  diminished,  but 
may  cease  altogether,  its  place  being  taken  by  other  nitrogenous 
boclies,  such  as  ammonium  lactate,  leucin,  ty rosin,  glycocoll,  etc. 

Among  afebrile  diseases,  in  which  an  increased  elimination  of  urea 
has  been  noted,  may  be  mentioned  the  ordinary  forms  of  diabetes 

*  Vogel,  Zoit.  f.  rationellc  Med.,  N.  F.,  vol.  iv,  p.  362.  Hiippert,  Arch.  d.  Heilk., 
vol.  vii,  p.  1.  Lobisch,  Wieri.  nied.  Presso,  1889,  vol.  xxxix,  p.  1521.  Huppert 
u.  Kiescllt,  Arch.  d.  Heilk.,  vol.  x,  p.  329.  Bauer  u.  Kiinstler,  Deutsch.  Arcn.  f. 
kliii.  Mc(i.,  vol.  xxiv,  p.  53. 
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mellitus,  in  which  the  highest  figures  have  been  obtained,  viz.,  150 
grams  or  more  pro  die.  This  is,  in  all  probability,  explained,  in 
part  at  least,  by  the  ingestion  of  excessive  amounts  of  proteid  food 
by  such  patients,  but  carefully  conducted  experiments  seem  to  show 
that  a  not  inconsiderable  portion  of  the  urea  is  directly  referable  to 
increased  tissue  destruction.  The  cases  described  by  Hirschfeld  ^ 
however,  which  will  be  considered  later  on,  form  an  exception  to 
this  rule. 

V.  Noorden  and  Lipman-Wolff  have  shown  that  anemia  as  such 
is  not  necessarliy  associated  with  a  pathological  increase  in  the  albu- 
minous metabolism.  But  it  appears  that  in  pernicious  anemia,  at 
least  in  the  bothriocephalus  form,  there  are  periods  in  which  an  in- 
creased albuminous  disintegration  does  occur.  According  to  Rosen- 
qvist,'  this  is  far  too  extensive  to  be  dependent  entirely  upon  the 
destruction  of  red  corpuscles,  but  must  be  associated  with  changes 
in  other  nitrogenous  tissues  of  the  body.  After  the  expulsion  of 
the  worms  a  well-marked  nitrogenous  retention  was  observed. 
Similar  results  were  obtained  in  cases  of  cryptogenetic  pernicious 
anemia,  where  periods  of  markedly  increased  albuminous  disinte- 
gration alternated  sometimes  with  such  of  distinct  nitrogenous  reten- 
tion. Rosenqvist  concludes  that  his  observations  are  strongly  in 
support  of  the  theory  that  cryptogenetic  pernicious  anemia,  like  the 
bothriocephalus  form,  is  also  a  toxic  anemia. 

An  unusually  large  output  of  nitrogen  and  greatly  in  excess  of  the 
amount  ingested  is  apparently  a  common  feature  of  acute  leukemia. 
Ebstein  records  a  case  in  which  62  grams  of  urea  were  eliminated 
in  twenty-four  hours,  and  fkisalP  mentions  an  instance  in  which  with 
an  intake  of  only  7.25  grams  of  nitrogen,  29.534  grams  appeared  in 
the  urine. 

In  this  connection  it  is  interesting  to  note  that  an  astonishing  in- 
crease of  the  urinaiy  nitrogen  occurs  on  a;-ray  treatment  in  those  cases 
of  chronic  leukemia,  when  the  characteristic  responfee  so  far  as  the 
effect  upon  the  spleen  and  the  number  of  the  leukocytes  is  concerned, 
takes  place,  while  in  the  n^ative  cases  this  is  not  observed.* 

In  purpura  hemorrhagica  a  notable  increase  of  the  urinary  nitrogen 
occurs,  apparently  without  relation  to  the  hemorrhages.  Edsall  men- 
tions an  instance  in  which  the  patient,  while  ingesting  not  more  than 
3  to  4  grams,  eliminated  amounts  varying  between  14  and  23  grams. 

A  moderate  increase  has  been  found  in  severe  cases  of  chronic  leu- 
kemia, scurvy,  minor  chorea,  and  paralysis  agitans.  Observations 
made  in  cases  of  hystero-epilepsy  have  given  rise  to  conflicting  results. 

*  **rel)er  eine  neue  klin.  Form.  d.  Diabetes,"  Zeit.  f.  klin.  Med.,  vol.  xix,  pp. 
294  and  325. 

'  Berlin,  klin.  Woch.,  1901,  vol.  xxxviii,  p.  666. 

*  Amer.  Jour.,  Oct.,  1905,  p.  589. 

*  Edsall  and  Musser,  Univ.  of  Penn.  Med.  Bull.,  Sept.,  1905. 


406  THE  URINE 

It  is  claimed,  on  the  one  hand,  that  the  excretion  of  urea  b  diminished 
following  convulsive  seizures  of  a  hystero-epileptic  nature,  in  contn- 
distinction  to  an  increased  elimination  following  true  epileptic  attacks. 

In  cases  of  functional  albuminuria  associated  with  an  increased 
elimination  of  uric  acid  or  oxalic  acid,  I  have  observed  an  increased 
elimination  of  urea,  and  believe  that  in  the  treatment  of  these  diseases 
a  systematic  study  of  the  excretion  of  nitrogen  is  of  fundamental 
importance.  The  increase  is  here  unquestionably  due  to  the  ingestion 
of  excessive  amounts  of  proteids. 

Of  drugs,  an  increased  elimination  is  produced  by  caffeine,  mo^ 
phine,  codeine,  ammonium  chloride,  sodium  and  potassium  chlorides, 
lithium  carbonate,  following  the  ingestion  of  large  amounts  o^  water, 
etc.  The  data  concerning  the  action  of  quinine,  salicylic  acid,  coU 
baths,  etc.,  are  conflicting.  A  large  increase  has  been  observed  in 
cases  of  phosphorus  poisoning. 

Electricity  appears  to  exert  a  marked  influence  upon  the  excretion 
of  urea,  producing  an  increased  elimination. 

The  diminished  elimination  of  urea  observed  in  certain  diseases  of 
the  liver,'  notably  in  acute  yellow  atrophy,  carcinoma,  cirrhosis,  and 
even  in  Weyl's  disease,  is  of  special  interest,  and  is  in  perfect  accord 
with  the  theory  that  the  liver  is  the  main  seat  of  its  production. 

As  has  been  stated,  urea  may  disappear  altogether  from  the  urine 
in  acute  yellow  atrophy  and  also  in  Weyl's  disease,  notwithstanding 
the  frequently  not  inconsiderable  degree  of  fever.  In  cirrhosis, 
hyperemia  of  the  j)ortal  system  has  been  thought  to  cause  the  dimi- 
nution, which  may  be  increased  further  by  the  occurrence  of  ascites. 
In  short,  the  factors  which  may  be  regarded  as  causing  a  diminished 
elimination  of  urea  in  hepatic  diseases  may  be  summarized  under 
the  following  healings: 

1.  Destniction  of  hepatic  parenchyma. 

2.  Diminished  velocity  of  the  flow  of  blood  through  the  liver. 

3.  Insufficient  excretion  of  bile  and  coincident  digestive  disturb- 
ances. 

Whenever  there  is  disease  affecting  that  portion  of  the  renal 
parenchyma  which  is  concerned  especially  in  the  elimination  of  urea, 
a  diminished  amount  will  be  met  with,  and  carefully  conducte<l 
obsen^ations  upon  the  excretion  of  the  various  urinary  constituents 
are  here  of  considerable  value  from  a  diagnostic  as  well  as  a  thera- 
peutic standpoint.  However,  as  v.  Noortlen  and  others  have  pointed 
out,  there  are  periods  in  the  course  of  a  nephritis  when  the  urea 
output  is  quite  normal. 

While,  as  a  nile,  the  excretion  of  urea  is  greatly  increased  in  dia- 

^  Hallcrworden.  Arch.  f.  oxper.  Path.  u.  Phamiakol.,  vol.  xii.  Wcintraiid,  ilwd., 
vol.  xxxi.  Stjulelmann,  Deiitsch.  Arrh.  f.  klin.  Med.,  vol.  xxxiii.  Fawitzki,  ibid., 
vol.  xlv.  Friinkol,  l^rlin.  kliii.  Woch.,  1878  and  1892.  v.  Noorden,  Lehrhiich  d. 
Path.  d.  Stoffvvech.sols,  p.  2S7 
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betes  mellitus,  certain  cases,  which  have  been  elaborately  described 
by  Hirschfeld/  must  be  excepted.  His  researches  have  established 
beyond  a  doubt  that  the  resorption  of  nitrogenous  material  from  the 
intestines  may  be  veiy  much  below  normal,  and  with  it  the  elimina- 
tion of  urea.  Upon  these  grounds  he  has  advocated  the  recognition 
of  a  distinct  form  of  diabetes,  which  is  characterized  by  a  com- 
paratively rapid  course,  the  occurrence  of  colicky  abdominal  pains 
before  or  at  the  onset  of  the  diabetic  symptoms  proper,  the  existence 
of  pancreatic  lesions  in  a  certain  proportion  of  the  cases,  a  more 
moderate  degree  of  polyuria,  etc. 

In  mental  diseases  a  diminished  excretion  of  urea  has  been  ob- 
served in  melancholia  and  in  the  more  advanced  stages  of  general 
paresis,  while  an  increase  is  associated  with  the  increased  ingestion 
of  food  during  the  first  stage  of  profound  dementia. 

Following  epileptic,  cataleptic,  and  hysterical  seizures,  as  well  as 
in  pseudohypertrophic  paralysis,  a  decrease  has  been  noted  by  some 
observers. 

In  tetanus  the  elimination  of  the  urea  nitrogen  is  normal  or 
diminished. 

In  Addison's  disease  a  decrease  is  commonly  noted. 

All  forms  of  chronic,  non-progressive  anemia  are  associated  with 
a  decrease,  as  are  also  osteomalacia,  impetigo,  lepra,  chronic  rheu- 
matism, etc.  In  chronic  lead  poisoning  the  elimination  of  urea  may 
be  greatly  diminished.  Little  is  known  of  the  influence  of  drugs  in 
bringing  about  a  diminished  excretion  of  urea. 

Properties  of  Urea. — Urea  crystallizes  in  two  forms,  viz.,  in  long, 
white  needles  if  rapidly  formed,  or  in  long,  colorless,  quadratic 
rhombic  prisms  when  allowed  to  crystallize  gradually  from  its  solutions. 

At  100*^  C.  it  begins  to  show  signs  of  decomposition;  at  130®  to 
132*^  C.  it  melts;  and  when  heated  still  further  it  is  decomposed  into 
cyanic  acid  and  ammonia,  of  which  the  former  is  immediately  trans- 
formed into  its  polymeric  compound,  cyanuric  acid.  Biuret  is  formed 
as  an  intermediaiy  product  during  this  decomposition,  2  molecules 
of  urea  yielding  1  molecule  of  ammonia  and  1  molecule  of  biuret. 
As  this  substance,  obtained  on  dissolving  the  residue  remaining  after 
all  the  ammonia  has  been  driven  off  by  careful  heating,  yields  a 
beautiful  reddish-violet  color  when  a  drop  or  two  of  a  veiy  dilute 
solution  of  cupric  sulphate  is  added  to  its  solution  alkalinized  with 
sodium  hydrate,  this  reaction  may  be  employed  as  a  test  in  the  detec- 
tion of  urea  (Biuret  test). 

Very  important  is  the  behavior  of  urea  when  treated  with  a  solu- 
tion of  sodium  hypochlorite  or  hypobromite,  the  most  usual  method 
of  estimating  urea  being  based  upon  this  reaction,  which  may  be 
represented  by  the  equation 

C0N,H4  +  3NaOBr=3NaBr  +  2N  +  CO,  +  2H,0. 

*  Loc.  cit. 
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In  the  chapter  on  Reaction  it  was  pomted  out  that  urine  gradudh 
undergoes  ammoniacal  decomposition  when  exposed  to  the  air;  the 
ammonia  is  liberated  from  the  urea  according  to  the  equation 


H,0-2NH,  +  CO,. 


This  decomposition  may  also  be  effected  by  heating  a  watei;  solu- 
tion of  urea  in  a  sealed  tube  to  100°  C. 

Urea  is  readily  soluble  in  water,  fairly  so  in  alcohol,  and  insoluUe 
in  anhydrous  ether  and  benzol.  The  aqueous  solution  of  urea  is 
neutral  in  reaction,  but  the  substance  combines  with  acids,  bases, 
and  salts  to  form  molecular  compounds. 

TJrea  nitnte,  CONjH^.HNO,,  crystallizes  in  two  different  fonns: 
in  thin  rhombic  or  six-sided  colorless  phttes,  which  are  frequently 
observed  arranged  like  shingles  one  on  top  of  the  other  when  lapidh' 


formed  (Fig,  134),  while  larger  and  thicker  rhombic  columns  or  plates 
are  obtained  if  the  process  is  allowed  to  proceed  more  slowly.  Urea 
nitrate  is  readily  soluble  in  distilled  water,  while  in  alcohol  and  in 
water  containing  nitric  acid  it  dissolves  with  difficulty.  Upon  heat- 
ing, it  evaporates  without  leaving  a  residue. 

Urea  oxalate,  CONjH,.CjHjO^,  crystallizes  in  rhombic  or  six-sided 
prisms  or  plates  {Fig.  135),  which  are  less  soluble  in  water  than  the 
nitrate;  in  alcohol  and  in  water  containing  o.xalic  acid  it  is  only 
imperfectly  soluble. 

With  mercuric  nitrate  urea  forms  three  different  compounds,  accord- 
ing to  the  concentration  of  the  two  solutions,  viz.,  (CONjHJHg,(NO,),, 
(C0N,H.).Hg,(N03)„and  {CON,H,),.Hg(NO,),-|-3HgO.  The  lat- 
ter com})<mn<l  is  of  special  imjHirtance,  an  Liebig's  quantitative  esti- 
mation of  urea  was  based  u|X)n  its  formation. 
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For  the  separation  of  urea  from  the  urine  the  reader  is  referred  to 
works  on  Physiological  Chemistiy. 

QnautitatiTe  Estimation  of  TTrea.  Hypobromita  Method. — The 
method  most  commonly  used  in  the  clinical  laboratoiy  is  the  one 
based  upon  the  decomposition  of  urea  into  carbon  dioxide  aJid  nitro- 
f<en  in  the  presence  of  sodium  hypobromite.  The  carbon  dioxide 
thus  formed  is  absorbed  by  an  excess  of  sodium  hydrate  in  the  hypo- 
bromite solution,  while  the  nitrc^en  is  set  free,  and  can  be  collected 
and  measured;  the  determination 
of  the  corresponding  amount  of 
urea  is  then  a  simple  matter. 

The  hypobromite  solution  is  pre- 
pared from  two  stock  solutions.  The 
first  of  these  contain  125  grams  of 
bromine  and  125  grams  of  sodium 
bromide  in  1000  c.c.  of  water.  The 
second  is  a  22.5  per  cent,  solution 
of  sodium  hydrate.  Immediately 
before  use  equal  portions  of  the  two 
solutions  are  mixed  and  diluted  with 
one  and  one-half  volumes  of  water. 

The  reaction  which  takes  place 
may  be  represented  by  the  equation 
2NaOH  +  2Br  -  SaBr  +  NaO^  +  H,.0 

Various  forms  of  apparatus, 
termed  ureomelers,  have  been  sug- 
gested for  the  estimation  of  urea 
by  this  method.  One  which  I  have 
found  very  satisfactory  is  repre- 
sented in  Fig.  136.  It  consists  of 
a  burette,  C,  with  an  ascending 
rubber  tube  attached  to  the  reser- 
voir, B,  which  can  be  raised  or 
lowered  as  required  for  the  purpose 
of  equalizing  the  pressure  after  col- 
lection of  the  gas.  A  descending 
tube  leads  to  a  wide-mouthed  bot- 
tle, A,  which  contains  the  hypobromite  solution.  This  is  closed  by 
a  tightly  fitting  rubber  stopper,  to  which  a  loop  of  platinum  wire  is 
attached  carrying  a  little  bucket  made  of  glass  or  porcelain;  this  can 
be  swung  from  its  support  by  inclining  the  bottle. 

Method. — The  rubber  stopper  is  removed  from  the  bottle  A ,  and 
water  poured  into  B  until  the  system  B  C  is  filled  to  such  an  extent 
that  the  water  level  is  visible  in  B  above  the  point  where  the  rubl>er 
tube  is  attached.     About  25  to  30  c.c.  of  the  hyixibromite  solution 
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are  placed  in  the  bottle  A,  and  2  c.c.  of  urine  in  the  bucket;  this  is 
then  attached  to  the  wire  loop.  The  stopper  is  now  adjusted  and 
the  water  in  B  and  C  brought  to  the  same  level,  when  the  first  read- 
ing is  taken.  A  is  then  inclined  until  the  bucket  drops  into  the  liquid 
below.  The  nitrogen  which  is  liberated  collects  in  the  burette  C;  as 
a  consequence  the  water  falls  in  C  and  rises  in  B,  After  twenty  to 
thirty  minutes  the  pressure  in  C  is  equalized  by  lowering  B  until  the 
water  in  both  tubes  is  at  the  same  level.  The  second  reading  is  then 
taken,  the  difference  between  the  two  indicating  the  volume  of  nitro- 
gen liberated  from  2  c.c.  of  urine  at  the  temperature  of  the  water  in 
C  By  which,  as  well  as  the  barometric  pressure,  should  be  previously 
noted. 

As  the  volume  of  gases  is  influenced  by  the  temperature,  the  baro- 
metric pressure,  and  the  tension  of  the  aqueous  vapor,  it  becomes 
necessary,  in  order  that  the  results  reached  shall  be  comparable  with 
those  obtained  by  other  observers,  to  reduce  the  volume  of  nitrc^n 
actually  noted  to  a  certain  standard.  This  has  been  placed  at  0°  C 
and  760  mercury  millimeters  pressure,  in  the  absence  of  moisture. 
The  correction  is  made  according  to  the  following  formula: 

^  =  WlToSeeT)'  '"  ^**'^^  ^'  represents  the  corrected 
volume  of  the  gas  in  terms  of  c.c,  v  the  volume  actually  observed, 
B  the  barometric  pressure  in  Hgmm.,  T  the  tension  of  the  aqueous 
vapor  at  the  temperature  noted,  t    The  volume  of  nitrogen  observed 

being  thus  corrected,  the  calculation  of  the  corresponding  amount 
of  urea  is  based  upon  the  following  considerations :  From  the  formula 
CONj  H^  it  is  apparent  that  2  atoms  of  nitrogen  are  contained  in  1 
molecule  of  urea;  in  other  words,  that  28  parts  by  weight  of  nitrogen 
correspond  to  60  parts  by  weight  of  urea.  The  equivalent  of  1  gram 
of  urea  is  then  found  according  to  the  equation:  60  :28  : :  1 :  ar;  and  x 
=0.46666.  The  vokmie  corresponding  to  0.4666  gram  of  dry  nitrogen 
at  0°  C.  and  760  Hgmm.  pressure  is  372.7  c.c.  It  has  been  found, 
however,  that  only  354.3  c.c.  of  nitrogen  are  evolved  from  1  gram  of 
urea  at  best  when  the  hypobromite  method  is  employed  Knowing 
that  354.3  c.c.  of  nitrogen  correspond  to  1  gram  of  urea,  the  amount 
of  urea  to  which  the  volume  of  nitrogen  actually  observed  is  refer- 
able would  then  be  found  according  to  the  equation 

1  :  354.3  :  :  X  :  y:  and  x=  o~^ro»  in  which  y  denotes  the  number  of 

•^  3o4.3  ^ 

cubic  centimeters  of  nitrogen  evolved  from  2  c.c.  of  urine,  and  x  the 

corresponding  amount  of  urea.     In  order  to  ascertain  the  percentage 

amount  of  urea  it  is  onlv  necessary  to  multiply  the  figure  just  obtained 

by  50. 

Precautions:  (1)  The   urine  must   be   free   from  albumin.     (2)  It 

should  contain  only  about  1  percent,  of  urea — i,  e.,  not  more  than  0.025 
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gram  in  2  c.c.  Whenever  a  greater  amount  is  noted,  therefore,  the 
urine  is  diluted  to  the  proper  d^ree,  due  allowance  being  made  in 
the  calculation. 

In  ordin&iy  clinical  work  the  barometric  pressure,  as  well  as  the 
tension  of  the  aqueous  vapor,  may  be  ignored. 

Of  the  many  other  ureometers  the  one  devised  by  Doremus  in  the 
modification  of  Heinz  is  most  convenient  and  furnishes  very  satis- 
factory results. 


Fio.  138.— Folin'H  anfely-lube. 

Its  general  construction  is  seen  in  Fig.  137.  A  small  amount  of 
urine  is  poured  into  B  while  the  stopcock  (C)  is  closed.  This  is  then 
op>ened  for  a  moment  and  again  closed,  so  as  to  fill  its  lumen.  The 
tube  A  is  washed  out  with  water  and  flUcd  with  the  hypobromite 
solution.  The  tube  B  is  filled  with  urine  to  the  zero  mark,  and  1  c.c. 
(or  less,  if  the  urine  is  concentrated)  is  allowed  to  mix  with  the  hypo- 
bromite solution'  in  A.  After  all  bubbles  of  gas  have  disappeared 
the  reading  is  taken.     Each  small  division  corresponds  to  0.001  gram 

'  Thi«  is  prepared  ax  dc^ribed  on  p.  409. 
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of  urea  and  eveiy  ten  divisions  hence  to  0.01  gram,  for  the  amount  of 
urine  used. 

The  urine  must  be  free  from  albumin  and  should  not  contain  more 
than  1  per  cent,  of  urea.     If  necessary  it  is  diluted  with  water. 

In  the  presence  of  ammonium  compounds  the  results  may  be  faulty, 
and  in  cases  where  this  is  suspected  it  is  advisable  to  resort  to  more 
accurate  methods,  such  as  that  of  Folin. 

Method  of  Folin.^ — ^This  is  based  upon  the  following  considera- 
tions: At  a  temperature  of  about  160®  C.  crystallized  magnesium 
chloride,  MgCl^.GHjO,  boils  in  its  water  of  crystallization.  In  such 
a  solution  urea  is  quantitatively  decomposed  into  ammonia  and  car- 
bon dioxide  within  one-half  hour.  If  the  process  is  carried  out  in 
acid  solution,  the  ammonia  can  subsequently  be  distilled  off  after 
rendering  the  mixture  alkaline,  and  is  then  titrated.  The  correspond- 
ing amount  of  urea  is  ascertained  by  calculation.  .  At  the  same  time, 
however,  the  preformed  anunonia  is  obtained,  and  it  is  hence  necessary 
to  eliminate  this  source  of  error  by  a  separate  estimation  of  this  form. 
This  is  conveniently  done  according  to  the  method  which  has  like- 
wise been  suggested  by  Folin  (see  below). 

Method. — 3  c.c.  of  urine  when  carefully  measured  with  a  5  c.c. 
pipette  graduated  in  twentieths  are  placed  in  an  Erlenmeyer  flask 
of  200  c.c.  capacity,  together  with  20  grams  of  magnesium  chloride 
and  2  c.c.  of  concentrated  hydrochloric  acid.  (The  magnesium  chlo- 
ride usually  contains  a  small  amount  of  ammonia,  which  must  be 
separately  determined.)  The  flask  is  closed  with  a  perforated  stopper 
through  which  a  specially  constructed  safety-tube  passes  (see  Fig. 
138).'  The  mixture  is  now  boiled  until  the  drops  flowing  back 
through  the  tube  produce  a  hissing  sound  on  coming  in  contact  with 
the  solution.  After  this  point  has  been  reached  the  boiling  is  con- 
tinued more  moderately  for  about  forty-five  minutes.  Immoderate 
foaming  during  this  process  and  the  subsequent  distillation  is  guarded 
against  by  adding  a  small  piece  of  paraffin  (about  the  size  of  two  coffee 
beans). 

The  solution  while  still  quite  hot  is  carefully  diluted  to  alx)ut  500 
c.c. — at  first  by  allowing  the  water  to  flow  drop  by  drop  through  the 
tube;  it  is  then  transferred  to  a  1000  c.c.  retort,  treated  with  about  7 
or  8  c.c.  of  a  20  per  cent,  solution  of  sodium  hydrate,  and  the  ammonia 
distilled  off  into  a  measured  amount  of  a  decinormal  solution  of  sul- 
phuric acid.  The  distillation  may  be  internipted  when  about  350 
c.c.  have  passed  over  (viz.,  after  about  sixty  minutes).  The  distillate 
is  boiled  for  a  moment  to  remove  any  carbon  dioxide  which  may  be 
present  in  solution,  and  on  cooling  is  titrated  to  determine  the  excess 
of  acid.     Each  cubic  centimeter  of  the  decinormal  ammonia  present 

*  Zoit.  f.  physiol.  Choiii.,  vol.  xxii,  p.  504,  and  vol.  xxxvi,  p.  333. 

^  The  tube  can  he  obtained  from  Messrs.  Eimer  and  Amend,  of  New  York. 
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in  the  distillate  corresponds  to  0.003  gram,  viz.,  to  0.1  per  cent,  of 
urea. 

From  this  result  the  amount  of  prefonned  ammonia  and  that 
present  in  the  20  grams  erf  magnesium  chloride  must  be  deducted, 

Xstimatioa  of  Nitroffen. — For  the  purpose  of  estimating  the  total 
amount  of  nitrogen  in  the  urine,  the  method  of  Kjeldahl  is  most  con- 
veniently empiojed. 

Kjaldahl's  Hethod.'  PrmcipU. — ^The  organic  matter  of  the  urine 
is  decomposed  by  means  of  sulphuric  acid,  when  alt  the  nitrogen 


Fia.  139. — Kjaldabl'g  nitrasen  appkntua. 


which  is  not  present  in  combination  with  oxygen  is  transformed  into 
ammonia.  After  adding  sodium  hydrate  in  excess  the  ammonia 
is  distilled  off  and  received  in  a  known  quantity  of  titrated  acid, 
the  excess  being  retitrated  with  sodium  hydrate.  In  this  manner 
the  amount  of  ammonia  and  the  corresponding  quantity  of  nitrt^n 
are  ascertained,  it  being  remembered  that  17  grams  of  ammonia 
correspond  to  14  grams  of  nitrogen. 

Reagents  required: 

1.  Gunning's  mixture.  This  consists  of  15  c.c.  of  concentrated 
sulphuric  acid,  10  grams  of  potassium  sulphate,  and  0.5  gram  of 


'  "Neue  Methode  lur  BeatimmuDg  des  StickatoffeB 
Zeit.  f.  analyt.  Chem.,  18S3,  vol.  xxii,  p.  366. 
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cupric  sulphate.  In  the  place  of  Gunning's  mixture  one  of  500  c:c 
of  concentrated  sulphuric  acid  and  100  grams  of  phosphoric  anhj- 
dride  may  also  be  employed,  and  has  the  advantage  that  oxidatian 
proceeds  more  rapidly. 

2.  A  solution  of  sodium  hydrate  containing  270  grams  in  the  liter 
(sp.  gr.  1.243). 

3.  Pulverized  talcum  or  granukted  zinc. 

4.  A  one-fourth  nonna^  solution  of  sulphuric  acid. 

5.  A  one-fourth  normal  solution  of  sodium  hydrate. 
Apparatus  required  (see  Fig.   139):  This  consists  of  a  retort  <rf 

about  750  c.c.  capacity  {A),  which  is  connected  with  a  Kjeldahl 
distilling  tube  {B),  and  through  this 
with  a  Stadeler  condenser  (G).  The 
ammonia  b  received  in  the  nitrogen 
bulb  at  D.  In  addition  a  KjeldaU 
digesting  flask  of  200  to  300  c.c. 
capacity  is  required. 

Method. — Five  or  10  c.c.  of  urine 
are  placed  in  the  digesting  flask  and 
treated  with  Gunning's  mixture.  To 
this  end  it  is  best  to  add  the  sulphuric 
acid  and  cupric  sulphate  first,  to  heal 
until  sulphuric  acid  vapors  are  given 
off  in  abundance,  and  then  to  adii 
the  potassium  sulphate.  The  heat- 
ing is  continued  until  the  solution 
becomes  entirely  clear  and  almost 
colorless,    the  flask    being    inclined 

u.'Kjdaahi"fliUk'B! — "  "' '"     *^  ^1   angle  of   al)out   45   decrees. 

Vigorous  ehuUUion  should  be  avoided. 
If  the  sulphuric  acid -phosphoric  anhydride  mixture  is  to  he  employed. 
the  urine  is  first  treated  with  0.4  gram  of  mercuric  oxide,  and  10  c.c. 
of  the  acid  mixture  added.  Digestion  is  then  carried  on  as  described. 
Toward  the  end  of  digestion,  in  either  case,  it  is  advantageous  to 
throw  a  few  crj-stals  of  potassium  permanganate  into  the  fusion,  so 
as  to  ensure  complete  oxidation. 

Ujwn  cooling,  the  contents  of  the  flask  are  transferre«l  to  the 
retort  with  the  aid  of  a  little  water,  and  slowly  treated  with  a  moder- 
ate excess  of  the  sodium  hydrate  solution.  As  a  general  rule,  40 
c,c-  for  each  5  c.c.  of  sulphuric  acid  are  sufficient.  A  little  pidve!^ 
ized  talcum  or  a  few  pieces  of  granulated  zinc  are  finally  added ;  the 
retort  is  connected  with  the  condenser  with  the  interpositon  of  the 
distilling  tul>e  and  the  di.stillation  begim.  The  talcum  or  zinc  serves 
the  purpose  of  preventing  undue  frothing  and  bumping.  The  dis- 
tillation is  continued  until  about  two-thirds  of  the  solution  have  passed 
over.    The  distillate  is  received  in  the  nitrogen  bulb,  which  should 
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contain  a  carefully  measured  quantity  of  the  one-fourtli  normal 
solution  of  sulphuric  acid.  As  a  general  rule,  30  c.c.  are  sufficient. 
As  soon  as  the  distillation  b  completed  the  condenser  is  discon- 
nected, washed  out  with  a  small  amount  of  distilled  water,  and  the 
washings  added  to  the  distOlate.  After  the  addition  of  a  few  drops 
of  tincture  of  cochineal  or  dimethyl-amino-azo-benzol  the  excess 
of  sulphuric  acid  is  retitrated  with  the  one-fourth  normal  solution 
of  sodium  hydrate,  and  the  amount  found  de<iucted  from  the  30  c.c. 
used.  The  titration  should  be  continued  until  every  trace  of  yellow 
(in  the  case  of  the  cochineal)  has  disappeared  and  a  pure  rose  color  is 


FiQ.  Ml.— Kjcldahl' 


obtained,  or,  in  the  case  of  the  dimethyl-amino-azo-benzol,  until  the 
last  trace  of  red  has  disappeare<l  and  the  solution  has  turned  yellow. 
The  difference  multiplied  by  0.0035  will  indicate  the  amount  of 
nitrogen  present  in  the  5  or  10  c.c.  of  urine.  The  corresponding 
amount  of  urea  is  found  by  multiplying  this  figure  by  20. 

Whenever  several  nitrogen  determinations  are  to  be  carrieti  out 
daily  it  is  convenient  to  make  use  of  a  special  apparatus,  which  per- 
mits of  such  determinations  being  con<lucted  at  one  time.  The 
general  plan  of  the  outfit  is  seen  in  the  accompanying  illustrations 
(Figs.  140  and  141). 

Ammonia. 

EveiT  urine  contains  a  small  amount  of  ammonia,  which  normally 
varies  but  little,  and  corresponds  to  from  4,1  to  4.64  per  cent,  of  the 
total  amount  of  nitrc^en,  viz.,  to  about  0.7  gram  in  the  twenty- 
four  hours.  It  is  present  in  combination  with  the  various  acids  of 
the  urine,  and  in  all  likelihood  represents  a  small  amount  of  the 
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ammonia  which  has  not  been  transformed  into  urea,  but  has  been 
utilized  to  saturate  the  affinities  of  a  slight  excess  of  acid,  formed 
during  the  nitrogenous  metabolism  of  the  body,  over  the  available 
fixed  alkalies. 

In  man  an  increased  elimination  of  ammonia  is  observed  when- 
ever an  increased  formation  of  acids  occurs,  or  whenever  a  sufficient 
supply  of  oxygen  is  not  available.  In  the  latter  case,  no  doubt, 
the  increased  elimination  is  owing  to  the  fact  that  in  consequence 
of  the  deficient  supply  of  oxygen  the  synthetic  formation  of  urea 
is  impeded  in  the  liver.  As  this  organ,  moreover,  is  the  principal 
seat  of  the  synthesis  of  urea,  we  can  readily  understand  that  extensive 
parenchymatous  degeneration,  as  in  acute  yellow  atrophy,  in  phos- 
phorus poisoning,  etc.,  will  lead  to  an  increased  elimination  of 
ammonia. 

In  any  event,  the  relative  increase  of  the  ammonia  is  the  essential 
factor,  while  variations  in  its  absolute  quantity  are  of  secondaiy 
importance.  Some  of  the  results  which  have  been  obtained  in  various 
diseases  are  given  in  the  following  table: 

Per  ceDt. 
Normal  values 4.10-  4.64 


Febrile  diseases    .... 
Carcinoma  of  the  liver 
Liver  abscess  (actinomycosis) 
Circulatory  dyspnea 
Respiratory  dyspnea 


5.72-  6.70 

6.40-24.50 

10.60 

13.10-32.20 

6.60-14.30 


Abnormally  high  absolute  values  are  quite  constantly  obsen^ed  in 
diabetes,  in  which  a  daily  elimination  of  from  4  to  5  grams  may  be 
regarded  as  common.  In  a  general  way  the  amount  of  ammonia  in 
cases  of  diabetes  gives  an  idea  of  the  amount  of  organic  acids;  but, 
as  Herter  has  pointed  out,  we  cannot  detect  moderate  quantities  of 
organic  acids  in  this  way.     (See  Oxybutyric  Acid.) 

In  cases  of  pernicious  vomiting  of  pregnancy  Williams*  found  a 
large  increase  of  ammonia,  up  to  20  to  45  per  cent.,  while  this  does 
not  occur  in  nervous  vomiting  and  in  eclampsia.  It  is  advised  that 
in  such  cases  the  uterus  be  emptied,  when  the  ammonia  is  said  to 
drop  at  once. 

A  slight  rise  occurs  also  in  normal  pregnancy  and  reaches  its  maxi- 
mum (luring  labor. 

Verv'  curiously  a  diminished  elimination  of  ammonia  is  observed 
in  many  cases  of  nephritis  so  long  as  symptoms  of  venous  stasis  do 
not  exist. 

In  a  case  of  pernicious  anemia  relative  amounts,  varj-ing  between 
3.3  and  5.6  per  cent.,  were  obtained  during  the  days  immediately 
preceding  death. 

Quantitative  Estimation.  Folin's  Method. — 10  c.c.  of  urine  are 
diluted  to  about  45  c.c,  treated  with  a  small  amount  of  burnt  mag- 

» Amer.  Jour,  of  Med.  Sci.,  September,  1906. 
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(0,5  gram),  and  boiled  for  forty-five  minutes,  the  distillate  being 
'ed  in  decinonnal  sulphuric  acid  through  an  absorption  tube, 
as  the  one  pictured  in  Fig,  142,  This  consists  of  a  glass  tube, 
asuring  about  8  mm.  in  diameter,  one  extremiQ'  of  which  has 
blown  into  the  small  bulb  h.  By  means  of  a  heated  platinum 
Bve  or  six  holes,  each  about  1  mm.  in  diameter,  are  made  in  the 

c  is  a  rubber  stopper  which  fits  into  the  second 
i.    This  is  merely  a  test-tube  (2.5  cm.  in  diam- 

which  has  been  cut  about  7.5  cm.  from  the 
r  end.  About  3  cm.  from  the  upper  mai;gin 
:ube  is  provided  with  six  or  seven  holes  as  in 
h.  The  entire  apparatus  is  directly  immersed 
e  decinormal  acid  and  ensures  the  complete 
ption  of  the  ammonia  in  one  flask,  even  if  this  . 
ins  only  5  to  10  c.c.  of  the  acid.  The  ammonia 
en  determined  by  titration  as  above,  using 
in  red  as  indicator;  2  drops  of  a  1  per  cent, 
on  suffice  for  200  to  300  c.c.  The  titration  is 
jd  to  the  red  point,  not   to   the  violet.     As  a 

amount  of  urea,  however,  is  decomposed  during 

rolonged  ebullition,  it  is  necessary  to  ascertain 

ately  the  quantity  of  ammonia  which  is  referable 

is  source.     To  tfiis  end  the  retort  is  opened  at 

xpiration  of  forty-five  minutes,  and  an  amount 

Lter  added  which  is  approximately  equivalent  to 

of  the  distillate.     The  distillation  is  then  con- 

d  for  another  period  of  forty-five  minutes;  the 

late  is  received  in  decinormal  sulphuric  acid, 

,he  ammonia  referable  to  decomposition  of  the 

estimated  as  before.    Tlie  difference  between  the 

results   indicates  the  amount  of  prefonned  ammonia  that  was 

laily  present;  1  c.c,  of  the  ^s  sulphuric  acid  indicates  0.0017 

of  ammonia, 
lis  method  is  also  applicable  for  the  determination  of  ammonia 
e  blood. 


-Hallcrvonien,  knh.  t.  exper.  Path.,  vol.  xii,  p.  237.     .Stftd*'!- 

,  Deutsch.  med.  Woch.,  1889,  p.  942.     Mbhaelis,  ibid.,   1900,  p.   276.     O. 
2eit.  f.  pliyaiol.  Chem.,  vol.  xxsii,  p.  575,  and  ibid.,  1902,  vol.    xxxvii. 


Fio.  142.— Ab»ip- 


cording  to  our  present  views,  uric  acid,  in  man,  is  not  formed 
ig  the  decomposition  of  all  albuminous  substances,  as  was  for- 
I  supposed,  but  constitutes  a  specific  product  of  decomposition 
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of  one  class  of  albumins  only,  namely,  the  nucleins.*  It  appears, 
moreover,  that  the  mother-substance  of  uric  acid  is  confined  to  the 
true  nucleins,  viz.,  to  those  containing  a  nucleinic  acid  radicle, 
while  the  paranucleins,  in  which  this  is  lacking,  are  without  effect 
upon  the  elimination  of  uric  acid.  On  decomposition  the  nucleins 
give  rise  to  the  appearance  of  the  xanihin,  aUoxuric,  or  ptmn  bases, 
which  on  oxidation  are  transformed  to  uric  acid.  According  to  Emil 
Fischer,'  the  xanthins  are  derived  from  an  hypothetical  compound 
which  he  terms  purin,  and  which  he  supposes  to  be  constituted  as 
shown  in  the  formula 

(6) 
(1)N^^^-  CH 

I  I  (7) 
(2)HC       (5)C NHv 

II  II  >CH(8). 
(3)N C ^^^ 

(4)         (9) 

By  substituting  the  group  NH,  for  the  H  atom  at  6,  adenin  thus 
results,  and  is  hence  also  spoken  of  as  6-aminopurin: 

N C.NH, 

I  I 

HC  C NHv 

II  H  j:cH. 

Hypoxanthin,  according  to  this  conception,  woukl  be  6-oxj^urin; 
xanthin  2,  6-dioxypurin,  and  guanin  2-amino-6-oxj'purin,  as  sho\Mi 
by  the  structural  formulas: 

HN CO  HN CX3 

I  I 


HC         C NHv^  (X)       C        NH>^ 


.CH.                      II!  CH. 

N C        N ^^  HN C         N  - 

Uypoxauthiii.  Xanthiu. 

NH-        CO 

I  I 

HN---C         ('-     NHv 

Guanin. 

From  the  structural  formula  of  purin  it  is  also  apparent  that  still 
other  derivatives  of  this  substance  mav  exist,  and  as  a  matter  of 
fact  others  are  known,  viz.,  mono-methylxanthin  or  heteroxanthin, 
di-methylxanthin  or  paraxanthin,  tri-methylxanthin,  the  isomeric 
compounds  of  paraxanthin,  viz.,  theophyllin  and  theobromin,  and 
others.     Their  relation  to  xanthin  is  shown  in  the  formulas: 

^  C  E.  Simon,  Pliysiolopical  Chemistry,  Lea  Bros.  <t  Co. 
^  }^pr^  d.  Deutsch.  chcm.  Ges.,  1897,  vol.  xxx,  p.  549, 
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HN- 

I 
CO 

I 
HN- 


CO 

I 
C— 


NH 


HN 

I 


\ 


CH. 


H 


CO 

I- 


CO 

I 

C N.CH, 


-N- 


\ 


CH. 


Xanthin. 


Heteroz&Dtbin. 


CHa.N 


CO 

I 
C NH 


\ 


■N: 


CH. 


Furazanthin. 

HN CO 

I           I 
CO      C N.CHjv 

CH,.N C N:  ^^^ 

Theobromine. 


CHj.N- 

Theophyllln. 

CHj.N CO 

I           I 
CO       C N.CHjv 

I          I!  _^CH. 

CHj.N-     C N: 

CaflbiDe. 


Two  of  these  bodies,  namely,  heteroxanthin  and  paraxanthin,  have 
also  been  found  in  the  urine. 

From  these  basic  substances,  then,  which  are  found  in  the  nucle- 
inic  acid  radicle  of  the  true  nucleins,  uric  acid  is  supposedly 
derived,  and  there  are  numerous  facts  which  go  to  show  that  this 
supposition  is  in  all  likelihood  correct.  It  will  thus  be  observed 
that  structurally  uric  acid  is  intimately  related  to  the  bodies  in  ques- 
tion, and,  like  these,  contains  the  purin  radicle: 


HN 


ix> 


HN 


-CO 

I 
C- 

H 
C- 


NH 


\ 


nh/ 


CO. 


Uric  acid. 


It  may  hence  be  regarded  as  2,  6,  8  tri-oxypurin.  Uric  acid  and 
the  xanthin  bases,  moreover,  qualitatively,  all  yield  the  same  decom- 
position products  when  treated  with  fuming  hydrochloric  acid  or 
hydriotic  acid  under  high  pressure;  only  the  quantitative  relations 
vaiy,  as  shown  in  the  equations: 

C5H.N5  +  8H,0  =  4NH,  +  CO,   +  CH,.NH,.COOH  -f-  2H .COOH. 
Aaemn.  GlycocoU.  Fonnic  acid. 

CjH^N.O  +  7H,0 =3NHj  +  CO,  +  CH,.NH,.COOH  +  2H.COOH. 
Hypoxauthin. 

C5H5N.O  +  7H,0  «  4NH,  +  2C0,  +  CH,.NH,.COOH  +  H.COOH. 
Quanm. 

CJH4N  A  +  6H,0  =  3NHj  +  2C0,  +  CH,.NH,.COOH  +  H.COOH. 
XanthiD. 

C JI^NA  +  5H,0 = 3NH,  +  SCO,  +  CH,  NH,.COOH 
uric  add. 

In  accordance  with  this  supposed  origin  of  uric  acid  we  find  an 
increased  elimination  following  the  ingestion  qf  all  substances  which 
contain  purin  bases  either  as  such  or  in  the  form  of  true  nucleins 
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(endogenous  uric  acid).     At  the  same  time  it  must  be  remembered 
that  uric  acid  may  also  result  from  the  nucleins  of  the  body  tissues; 
and  we  find,  as  a  matter  of  fact,  that  during  starvation  uric  acid  does 
not  disappear  from  the  urine  (endogenous  uric  acid).    The  principal 
source  of  the  uric  acid  under  such  conditions  are  the  nucleins  of  the 
leukocytes;  and,  according  to  Horbaczewski*  and  others,  this  source 
is  indeed  more  important  than  the  nucleins  of  the  food.     According 
to  this  idea,  the  latter  call  forth  an  increased  elimination  of  uric  acid 
only  in  an  indirect  manner — i,  e,,  by  stimulating  more  strongly  than 
other  food-stufFs  the  cell  formation  and  cell  destruction  of  the  body. 
However  this  may  be,  there  can  be  no  doubt  that  the  amoimt  of  uric 
acid  eliminated  in  the  urine  depends,  in  the  first  instance,  upon  the 
amount  of  nucleins  or  purin  bases  as  such  which  are  ingested,  and 
upon  the  degree  of  nuclear  destruction  which  takes  place  in  the  body. 
Other  factors,  however,  also  enter  into  consideration.     We  thus  know 
that  the  body  is  capable  of  transforming  a  certain  amount  of  uric  acid 
into  urea.    This  fact  was  pointed  out  long  ago  by  Frerichs  and 
Wohler,  and  has  recently  again  been  confirmed.     It  was  found  that 
after  the  ingestion  of  large  amounts  of  nucleins  only  a  certain  por- 
tion of  the  nuclear  nitrogen  is  eliminated  as  uric  acid,  and  that  this 
amount    is    extremely    variable.     Whether    individual    peculiarities 
have  any  part  in  determining  this  amount  is  unknown,  but  not 
improbable.     Oxidation  on  the  part  of  the  body  tissues  must  also 
be  taken  into  consideration,  and  it  unquestionably  varies  not  only 
in  different  people,  but  also  in  the  same  individual  at  different  times. 
Then  again  there  is  evidence  to  show  that  under  certain  conditions 
uric  acid  may  be  formed  synthetically  in  the  body.     That  tliis  is  the 
usual  mode  of  formation  in  birds  and  reptiles  has  been  shown  by 
Minkowski,"  who  found  that  after  extirpation  of  the  liver  in  geese 
the  greater  portion   of  the  urinary  nitrogen  was  eUminated  in  the 
form  of  ammonia  in  combination  with  lactic  acid.     In  the  human 
being  verj'  little  uric  acid  is  in  all  likelihood  formed  in  this  manner 
under  normal  conditions,  but  the  possibility  of  its   occurrence,  in 
disease  more  j)articularly,  should  not  be  overlooked.     As  uric  acid, 
moreover,  may  in  part  at  least  be  eliminated  in  the  feces,  it  is  clear 
that  the  amount  which  appears  in  the  urine  cannot  be  regarded  as  an 
accurate  index  of  the  degree  of  nuclear  destruction  or  of  the  amount 
which  is  formed  in  the  bodv  tissues.     That  retention  of  uric  acid 
can  further  occur  in  the  body,  which  may  or  may  not  be  followed 
by  increased  elimination,  is  likewise  undoubted. 

According  to  our  present  knowledge,  uric  acid  is  formed  in  all  the 
organs  of  the  body,  including  the  bone-marrow,  the  muscles,  the 

*  Bcitrjige  zur  Keiintniss  der  Biklung  von  Harnsaure,  etc.,  Monatshefte  fiir 
Chem..  1S91,  vol.  xii.  p.  221;  and  Wien.  Sit'.ungsher.  vol.  c. 

^  "I'chor  den  pjiifluss  d.  Lehert'xtirpation  auf  aen  Stoflfwechsel,"  Arch.  f. 
exper.  Path  u.  Phannakol.,  1880,  vol.  xxi,  p.  41. 
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spleen,  the  liver,  the  kidneys,  etc.     Under  pathological  conditions  it 
may  also  originate  in  the  joints  and  tendons. 

Under  normal  conditions  the  daily  elimination  of  uric  acid  varies 
between  0.2  and  1.5  grams,  thus  constituting  ^^^^  to  j4^  P^^t  of 
the  total  urinary  nitrogen.  It  is  largely  influenced  by  the  character 
of  the  diet,  the  amoimt  of  exercise  taken,  the  general  health  of  the 
individual,  etc.  After  the  ingestion  of  large  amounts  of  food  rich 
in  nucleins,  such  as  thymus  gland,  liver,  kidneys,and  brain,  a  corre- 
sponding increase  in  the  amount  of  uric  acid  is  observed.  Generally 
speaking,  animal  food  causes  a  greater  elimination  of  uric  acid  than 
vegetable  food,  and  it  is  supposed  that  this  difference  is  essentially 
due  to  the  extractives  of  the  meat.^  Of  special  interest  is  the  increase 
in  the  elimination  of  uric  acid  which  is  observed  five  hours  after  the 
ingestion  of  a  full  meal.  This  increase,  according  to  Horbaczewski,' 
is  associated  with  the  disappearance  of  the  digestive  leukocytosis  and 
consequent  leukolysis. 

Some  observers  have  attached  much  importance  to  the  relation  exist- 
ing between  the  elimination  of  uric  acid  and  urea,  and  are  inclined  to 
assume  the  existence  of  a  special  uric  acid  diathesis  when  this  rela- 
tion continuously  exceeds  the  usual  standard  of  1  to  50  or  1  to  60. 
This  question  is  an  extremely  intricate  one,  and  we  are  scarcely 
in  a  position  to  speak  definitely  of  the  significance  of  such  varia- 
tions. On  the  one  hand,  there  can  be  no  doubt  that  an  unusually 
high  uric  acid  coeflBcient  may  be  met  with  in  individuals  who  are 
apparently  in  good  health,  while  in  others,  in  whom  larger  actual 
amounts  of  uric  acid  are  eliminated  than  are  usual,  normal  or  even 
subnormal  values  may  be  found.  The  entire  question  of  the  uric 
acid  diathesis  is  in  a  chaotic  condition,  and  it  would  perhaps  be 
well  to  speak  of  such  a  diathesis  only  when  a  distinct  increase  is 
cofUintumsly  observed.  That  numerous  symptoms  of  a  neurasthenic 
type  are  often  seen  when  the  uric  acid  coeflScient  is  increased  is  a 
matter  of  daily  observation,  but  it  would  be  premature  to  regard  this 
symptom  as  a  causative  factor  of  the  disease  in  question.'  Even  in 
gout  it  can  scarcely  be  said  that  uric  acid  has  been  proved  the  rruUeria 
peccans,  and  our  knowledge  concerning  the  etiology  of  the  disease  is 
still  as  obscure  as  when  Garrod*  showed  that  an  accumulation  of  uric 
acid  occurred  in  the  blood  of  such  patients.     Hitherto  it  has  been 

*  A  Hermann,  ''Abhangigkeit  der  Hamsaureau::;scheidung  von  Nahrungs-  und 
Genussmitteln,"  Deutsch.  Arch.  f.  klin.  Med.,  1888,  vol.  xRii,  p.  273.  See  also 
W.  Camerer,  Zeit.  f.  Biol.,  N.  F.   1896,  vol.  xv,  p.  140. 

'  Hamsaureaiisscheidung  u.  Leucocytose,  Sitzungsber.  d.  Wiener  Akad.  d. 
Wissensch.,  1891,  Abth.  3.  See  also  Ldwit,  Studien  z.  Physiol,  u.  Path.  d.  Blutes, 
1892.  W.  Kuhnau,  **  Das  Verbal tniss  d.  Hamsaureausscheidung  zur  Leucocy- 
tose,"  Zeit  f.  klin.  Med.,  vol.  xxviii,  p.  534.  P.  F.  Richter,  *'  Ueber  Hamsaure- 
ausscheidung und  Leucocytose,"  ibid.,  vol.  xxvii,  p.  290. 

*  C.  E.  Simon,  Amer.  Jour.  Med.  Sci.,  1899,  p.  139,  and  N.  Y.  Med.  Jour.,  1895, 
p.  330. 

*  On  the  Nature  and  Treatment  of  Gout,  1847. 
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supposed  that  the  deposition  of  urates  in  the  joints  and  pmsteom 
of  gouty  patients  is  referable  to  a  diminished  sdkalinity  of  the  blood, 
and  that  acute  paroxysms  result  whenever  an  increase  in  its  alkalimtj 
occurs,  leading  to  a  resorption  of  the  urates  previously  deposited  aod 
a  consequent  flooding  of  the  system  with  the  matenal  in  question. 
As  a  matter  of  fact,  a  considerable  diminution  in  its  excretion  is 
observed  immediately  preceding  the  attack,  while  during  the  ptr>- 
oxysm  and  immediately  following  it  a  corresponding  increase  is  nc^ 
Numerous  investigations,  however,  have  shown  that  distinct  changes 
in  the  alkalinity  of  the  blood  do  not  occur  in  gout,  and  that  an  incrase 
in  the  amount  of  uric  acid  in  the  blood  may  not  only  be  observed  in  this 
disease,  but  in  other  diseases  as  well  which  are  not  associated  with 
gouty  symptoms.  The  conclusion  is  hence  justifiable  that  the  pres- 
ence of  uric  acid  in  the  blood  per  se  cannot  be  offered  as  an  explana- 
tion of  the  occurrence  of  a  gouty  attack.^  Putcher,*  who  has  recently 
observed  a  number  of  cases  of  gout  with  modem  methods,  states  that 
he  almost  invariably  found  that  before  the  onset  of  the  acute  symp- 
toms the  uric  acid  is  below  and  often  far  below  0.4  grauL  On 
the  second  or  third  day  after  the  beginning  of  the  acute  symptoms 
the  uric  acid  curve  steadily  rises,  reaching  0.8  to  1.9  grams  or  ercn 
higher  values.  With  the  subsidence  of  the  acute  symptoms  the 
curve  gradually  falls  below  the  lower  limit  of  the  normal,  and  in 
the  interval  between  the  acute  attacks  the  excretion  may  be  only  0.1 
to  0.2  gram  daily.  In  one  veiy  marked  chronic  case  Putcher  found 
no  uric  acid  excretion  whatever  on  certain  days  during  the  interval 
The  phosphoric  acid  curve  runs  a  course  almost  parrellel  to  that 
of  the  uric  acid,  which  suggests  quite  strongly  that  even  in  gout  the 
uric  acid  is  derived  from  nucleins,  and  is  not  formed  synthetically, 
as  might  possibly  be  imagined. 

The  greatest  increase  in  the  elimination  of  uric  acid  is  observed 
in  leukemia,  in  which  the  quantity  may  amount  to  over  12  grams  in 
the  twenty-four  hours  (case  of  Magnus-Levy).  That  the  increased 
elimination  in  this  disease  is  referable  to  the  enormous  increase  in  the 
number  of  the  leukocytes  and  consequent  leukolysis  can  scarcely  be 
doubted.  In  other  diseases  which  are  associated  with  a  high  grade 
of  leukocytosis,  and  especially  those  in  which  the  disease  terminates 
by  crisis  or  hastened  lysis,  such  as  erysipelas  and  pneumonia,  a  con- 
siderable increase  is  likewise  observed,  and  is  referable  to  the  same 
origin.  This  increase  is  especially  marked  immediately  after  crisis 
has  occurred,  hut  it  not  infrequently  precedes  this  by  several  hours. 

*  B.  T.aquer,  Ueber  die  Ausscheidungsverhiiltnisse  der  AlloxurkOrper.  Bere- 
mann,  1906.  (Full  lit^irature.)  C.  von  Noorden,  Lehrbuch  d.  Pathologie  d. 
Stoffwechsels,  Berlin,  1893.  W.  Ebstein,  "Die  Natur  u.  Behandlung  der  Gicht," 
Verhandl.  d.  VIII  Congr.  f.  inn.  Med.,  1889,  p.  133. 

^  "  The  (Jccurrence  of  Gout  in  the  United  States,"  Jour.  Amer.  Med.  Assoc., 
1902,  vol.  xxxix,  p.  1046. 
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In  the  other  febrile  diseases  an  absolute  increase  is  less  marked  and 
inconstant. 

In  diabetes  a  diminished  amount  of  uric  acid  is  usually  foimd. 
Cases  may  be  seen,  however,  in  which,  associated  with  a  diminution 
or  an  entire  disappearance  of  the  sugar,  a  most  marked  increase  occurs, 
amounting  in  some  cases  to  3  grams  in  the  twenty-four  hours.  To 
this  condition  the  term  diabetes  aliemans  has  been  applied. 

In  acute  articular  rheumatism  an  increased  elimination  b  observed 
9o  long  as  the  temperature  remains  high,  while  with  approaching 
convalescence  the  amount  returns  to  normal,  and  may  even  fall 
below  normal.  In  chronic  rheumatism,  on  the  other  hand,  no  con- 
stant relations  have  been  observed. 

In  the  ordinaiy  forms  of  anemia  and  chlorosis  the  amount  of 
uric  acid  is  quite  constantly  diminished,  as  also  in  chronic  inter- 
stitial nephritis,  chronic  lead  poisoning,  progressive  muscular  atro- 
phy, and  pseudohypertrophic  paralysis. 

According  to  Krainsky,  Haig^  and  Caro,'  a  decrease  in  the  output 
of  uric  acid  precedes  the  epileptic  attack,  and  is  subsequently  followed 
by  a  rise  to  the  same  d^ree.  Haig  also  noticed  this  in  connection 
with  attacks  of  migraine. 

Rather  low  amounts  are  reported  by  Edsall  in  a  case  of  purpura 
hemorrhagica. 

Of  special  interest  is  the  observation  by  Edsall  that  in  those  cases 
of  chronic  leukemia  in  which  there  is  a  response  to  x-ray  treatment 
uric  acid  and  purin  bases  are  at  once  markedly  increased. 

Properties  of  Uric  Acid. — ^The  close  relation  existing  between  uric 
acid  and  the  xanthin  bases  has  been  already  considered.  By  oxida- 
tion uric  acid  is  transformed  into  urea  or  into  substituted  ureas, 
such  as  allantoin  and  alloxan,  which  latter  in  turn  is  closely  related 
to  parabanic  acid  or  oxalyl-urea  and  barbituric  acid  or  malonyl  urea. 

Pure  uric  acid  forms  a  white,  crystalline  powder  which  is  almost 
insoluble  in  cold  water  (1  to  40,000),  with  difficulty  soluble  in  boiling 
water  (1  to  1800),  and  insoluble  in  alcohol  and  ether.  In  concentrated 
•sulphuric  acid  it  dissolves  with  ease,  but  is  precipitated  upon  dilu- 
tion with  water.  In  aqueous  solutions  of  the  alkaline  carbonates 
and  hydrates  it  dissolves,  with  the  formation  of  neutral  or  acid  salts, 
as  represented  by  the  equations: 

CjH^N.O,  +  Na,CO,  -CjHjNaNA  +  NaHCO,. 
CjH.N^O,  +  2Na,(X),  =  C5H,Na,N40,  +  2NaH(X),. 

In  freshly  voided  urine  uric  acid  is  said  to  occur  as  a  quadriurate, 
viz.,  as  a  compound  in  which  one  molecule  of  sodium  is  in  combina- 
tion with  two  molecules  of  uric  acid.     The  quadriurate,  however,  is 

»  Brain,  1896,  p  194. 

'  Deutsch.  mod.  Woch.,  1900,  No.  19. 


424  THE  URINE 

readily  decomposed  with  the  formation  of  uric  acid  and  acid  urates 
(biurates).     Its  solubility  in  the  urine  depends  upon  the  amount  ot 
water  present,  the  reaction,  and  the  presence  of  inorganic  salts. 
When  acid  sodium  phosphate  preponderates,  the  biurate  is  predpi- 
tated,  while  free  uric  acid  is  thrown  down  when  disodic  phosphate 
only  is  present.     Neutral  urates  cannot  occur  in  the  urine.    The 
basic  substances  which  may  occur  in  the  urine  in  combination  with 
uric  acid   are  sodium,   potassium,  anmionium,  and   possibly  also 
calcium  and  magnesium^    These  salts  may  be  decomposed  by  the 
addition  of  a  sufiSciently  large  quantity  of  a  stronger  acid,  such  as 
hydrochloric  acid,  when  uric  acid  is  set  free.    The  acid  salts  are 
soluble  with  great  diflSculty,  and  are  hence  precipitated  whenever  the 
urine  b  markedly  acid  or  concentrated,  and  also  when  it  is  exposed 
to  a  low  temperature.    This  holds  good  especially  for  the  acid 
ammonium  compoimd,   and  upon  this   fact    Folin's    quantitative 
estimation  of  uric  acid  is  based. 

Pure  uric  acid  crystallizes  in  transparent,  colorless,  rhombic  plates, 
while  that  which  usually  separates  from  the  urine  is  of  a  reddish- 
brown  color  and  may  assume  a  great  variety  of  forms  (Fig.  143). 
Of  these,  the  so-called  whetstone  form  is  the  most  characteristic  (see 
Sediments).    Colorless  rhombic  platelets  may,  however,  also  be  seen. 

Of  the  compounds  which  uric  acid  forms  with  the  heavy  metab, 
the  silver  salt  is  especially  important.  When  a  solution  of  uric  acid 
in  ammonia  is  treated  with  an  ammoniacal  solution  of  silver  nitrate 
(see  below)  the  solution  remains  clear;  but  if  calcium  chloride, 
sodium  chloride,  or  magnesia  mixture  is  then  added,  a  precipitate 
forms,  which  contains  the  uric  acid  in  combination  with  silver. 

Test  for  Uric  Acid.  Murezid  Test. — A  few  crvstals  are  dissolved 
by  means  of  a  few  drops  of  concentrated  nitric  acid,  with  the  appli- 
cation of  heat,  upon  a  porcelain  plate,  such  as  the  cover  of  a  crucible. 
The  nitric  acid  is  then  carefully  evaporated,  when  a  yellowish-red 
spot  will  remain.  Upon  cooling,  a  drop  of  ammonia  is  placed  upon 
this  spot,  when  in  the  presence  of  uric  acid  a  beautiful  purplish-red 
color  develops,  owing  to  the  formation  of  ammonium  purpurate 
(murexid).  If  now  a  drop  of  sodium  hydrate  solution  is  added,  the 
color  changes  to  a  reddish  blue,  which  disappears  upon  heating;  the 
reaction  thus  differs  from  the  somewhat  similar  xanthin  reaction. 

Folin's  Modification  of  Hopkins'  Method.^ — ^This  is  the  most  con- 
venient method  for  the  estimation  of  uric  acid  in  the  urine,  and  as 
accurate  as  the  more  complicated  procedure  of  Ludwig-Salkowski. 
It  is  based  upon  the  precipitation  of  uric  acid  by  anmionium  sulphate, 
as  ammonium  urate,  the  decomposition  of  the  latter  by  sulphuric 
acid,  and  the  estimation  of  the  liberated  uric  acid  by  titration  \^ith 
potassium  permanganate.     To  precipitate  the  uric  acid,  and  also  to 

*  O.  Folin  u.  A.  Shaffer,  Zeit.  f.  physiol.  Chem.,  vol.  xxxii,  p.  552. 
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remove  the  small  amount  of  mucoid  substance  which  is  found  in 
every  urine,  the  following  reagent  is  employed :  500  grams  of  ammo- 
nium sulphate  and  5  grams  of  uranium  acetate  are  dissolved  in  650  c.c. 
of  water,  to  which  solution  60  c.c.  of  a  10  per  cent,  solution  of  acetic 
acid  are  further  added.  The  resulting  solution  measures  about  1000 
cc;  75  c.c.  of  the  reagent  are  added  to  300  c.c.  of  urine  in  a 
flask  holding  500  c.c.     After  standing  for  five  minutes  the  mixture 


Fig.  143. — Uric  acid  crystals. 

is  filtered  through  two  folded  filters,  and  thus  freed  from  the  mucoid 
body,  which  is  carried  down  with  the  uranium  phosphate  in  acid  solu- 
tion. The  filtrate  is  divided  into  two  portions  of  125  c.c.  each,  which 
are  placed  in  beakers  and  treated  with  5  c.c.  of  concentrated  ammonia. 
After  stirring  a  little  the  solutions  are  set  aside  until  the  next  day. 
The  supernatant  fluid  is  then  carefully  poured  off  through  a  filter 
(Schleicher  and  Schiill,  No.  597);  the  precipitated  ammonium  urate 
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is  collected  with  the  aid  of  a  small  amount  of  a  10  per  cent  solution 
of  ammonium  sulphate  and  washed  with  the  same  reagent    Traces 
of  chlorides  do  not  interfere  with  the  subsequent  titration,  and  the 
process  of  filtration  and  washing  can  be  completed  in  from  twenty  to 
thirty  minutes.     The  ammonium  urate  is  washed  into  a  beaker,  after 
opening  the  filter,  using   about   100  c.c.  of   water;  15  c.c.  of  con- 
centrated sulphuric  acid  are  then  added,  and  the  solution  is  titrated 
at  once  with  a  one-twentieth  normal  solution  of  potassium  permanga- 
nate.    Toward  the  end  of  the  titration  Folin  suggests  to  add  the  po^ 
manganate  in  portions  of  two  drops  at  a  time,  until  the  first  trace  of  a 
rose  color  is  apparent  throughout  the  entire  fluid.    Each  cubic  centi- 
meter of  the  reagent  corresponds  to  0.00375  gram  of  uric  acid.    A 
final  correction  (of  0.003  gram  for  every  100  c.c.  of  urine  employed) 
is  necessary,  owing  to  the  slight  extent  to  which  anunonium  urate  is 
soluble. 

Preparation  of  the  One-twentieth  Normal  Solutixm  of  Potasnum 
Permanganate. — PiS  the  molecular  weight  of  potassium  permanga- 
nate is  157.67,  one  would  expect  that  a  normal  solution  of  the  salt 
should  contain  this  amount  in  grams  dissolved  in  1000  c.c.  of  water. 
But  the  substance  generally  acts  in  the  presence  of  free  acids,  upon 
deoxidizing  substances,  by  losing  5  atoms  of  oxygen  of  the  8  atoms 
contained  in  2  molecules,  as  is  seen  in  the  following  equation: 

2KMn04  +  5HaC,04  +  SHaSO^  =  KjSO*  +  2MnS04  +  1000,  +  8H/). 

It  follows  that  two-fifths  of  the  molecular  weight,  or  63.068  grams, 
are  the  equivalent  of  1  oxygen  atom.  But  as  oxygen  is  diatomic 
and  the  volumetric  normal  is  calculated  for  monatomic  values,  this 
number  must  be  divided  by  2,  and  31.534  grams  of  potassium  per- 
manganate should  therefore  be  present  in  1  liter  of  normal  solution. 
A  one-tenth  normal  solution  would  hence  contain  3.1534  grams,  and 
a  one-twentieth  normal  solution  1.576  grams  pro  liter.  This  amount  is 
weighed  off  and  dissolved  in  950  c.c.  of  water,  when  the  solution  is 
brought  to  the  proper  degree  of  dilution  by  titration  with  a  one- 
twentieth  normal  solution  of  oxalic  acid.  A  one-twentieth  normal 
solution  of  oxalic  acid  contains  3.142  grams  of  the  acid  in  1000 
c.c.  of  water.  One  c.c.  of  the  one-twentieth  normal  solution  of 
potassium  permanganate  should  correspond  to  1  c.c.  of  the  oxalic 
acid  solution.  The  titnition  is  best  conducted  by  diluting  10  c.c. 
of  the  oxalic  acid  solution  to  100  c.c.  with  distilled  water  and  add- 
ing 15  c.c.  of  concentrated  sulphuric  acid,  so  as  to  bring  the  tempera- 
ture of  the  liquid  to  from  55°  to  65°  C.  The  potassium  perman- 
ganate solution  is  then  added  drop  by  drop  until  the  red  color  no 
longer  disappears  on  stirring,  but  persists  for  at  least  thirty  seconds. 

For  SalkowskVs  method  of  estimating  uric  acid  see  method  for 
estimating  the  xanthin  bases. 
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The  Xanthin  Bases. 


The  xanthin  bases  which  have  been  found  in  the  urine  are  xanthin, 
hypoxanthin,  heteroxanthin,  paraxanthin,  guanin,  and  adenin.  Con- 
jointly they  are  also  spoken  of  as  the  alloxur  bases,  or  purin  bases. 
Together  with  uric  acid  they  are  termed  alloxur  or  purin  bodies. 
Their  relation  to  uric  acid  and  the  nucleins  has  already  been  con- 
sidered. (See  Uric  Acid.)  Unlike  uric  acid,  they  also  occur  as  such 
in  animal  as  well  as  vegetable  tissues.  The  amount  which  appears 
in  the  urine  under  normal  conditions  is  veiy  small,  constituting 
about  10  per  cent,  of  the  uric  acid.  Larger  quantities  may  be  met 
with  in  various  diseases,  and,  generally  speaking,  an  increase  in  the 
amount  of  uric  acid  is  associated  with  an  increase  of  the  xanthin 
bases.  This  is,  however,  not  invariably  the  case,  and  at  times  it 
niay  be  observed  that  an  increase  of  the  uric  acid  is  accompanied  by 
a  diminution  of  the  xanthins,  and  vice  versa.  These  varying  rela- 
tions can,  of  course,  be  readily  understood  if  we  remember  that  uric 
acid  is  an  oxidation  product  of  the  xanthin  bases,  and  that  their 
ultimate  origin  is  the  same.  The  largest  quantities  of  xanthin  bases  are 
found  in  leukemia;  Magnus-Levy  has  reported  a  case  with  0.321  gram. 

Individually  the  xanthin  bases  are  of  little  clinical  interest. 
Xanthin  has  once  been  found  in  a  urinary  sediment,  and  has  in 
several  instances  been  encoimtered  as  the  principal  constituent  of 
vesical  calculi.  Its  normal  quantity  is  said  to  vary  between  0.02 
and  0.03  gram.  Larger  quantities  are  found  after  a  meal  rich  in 
nucleins,  in  leukemia,  nephritis,  pneumonia,  etc. 

Paraxanthin  and  heteroxanthm  are  present  only  in  traces,  as  is 
apparent  from  the  fact  that  Krtiger  and  Salomon  were  able  to  obtain 
but  7.5  grams  of  heteroxanthin  from  10,000  liters  of  urine.  Both 
apparently  are  distinctly  toxic. 

Xanthin  sediments  may  be  recognized  by  means  of  the  following 
test:  A  small  amount  of  the  material  is  treated  with  a  few  drops  of 
concentrated  nitric  acid  on  a  porcelain  plate,  and  evaporated  to  dry- 
ness. In  the  presence  of  xanthin  a  yellow  residue  is  obtained,  which 
turns  a  violet  red  upon  the  addition  of  a  few  drops  of  sodium  hydrate 
solution  and  the  appUcation  of  heat  (Strecker's  test).  The  reaction 
is  conmion  to  all  the  xanthins  and  should  not  be  confused  with  the 
murexid  test. 

Quantitatiye  Estimation.  Salkowski's  Method.^ — 600  c.c  of  urine 
are  precipitated  with  200  c.c.  of  magnesia  mixture  (composed  of 
1  part  of  crystallized  magnesium  sulphate,  2  parts  of  ammonium 
chloride,  4  parts  of  ammonium  hydrate,  and  8  parts  of  distilled  water), 
when  a  3  per  cent,  ammoniacal  solution  of  silver  nitrate  is  added  to 
from  700  to  750  c.c.  of  the  filtrate.    The  proportion  should  be  6  c.c. 

*  Pfluger's  Arehiv,  vol.  Ixix,  p.  268. 
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for  each  100  c.c.  of  urine.     If  the  precipitated  silver  chloride  formed 
in  the  beginning  does  not  disappear  on  stirring,  a  little  more  ammo- 
nium hydrate  is  added.     A  flaky  precipitate  next  separates  out,  aad 
is  allowed  to  settle.     In  order  to  t  .-st  whether  enough  of  the  sikcr 
nitrate  solution  has  been  added,  a  few  cubic  centimeters  of  the  supe^ 
natant  fluid  are  acidified  with  nitric  acid.     If  a  distinct  cloudiness, 
referable  to  silver  chloride,  appears,  enough  has  been  added.    Oth»- 
wise  the  few  cubic  centimeters  that  were  employed  for  this  test  are 
rendered  alkahne  again  with  anmionia,  poured  back,  and  treated 
with  more  silver  solution  until  the  required  amount  has  been  reached. 
After  standing  for  one  hour  the  mixture  is  filtered  and  the  precipitate 
washed  with  water  until  all  the  free  silver  has  been  removed.    The 
filter  is  then  perforated,  the  precipitate  washed  into  a  flask  with 
from  600  to  800  c.c.  of  water,  acidified  with  hydrochloric  acid,  and 
decomposed  with  hydrogen  sulphide.    The  excess  of  hydrogen  sul- 
phide is  removed  by  heating  on  a  water  bath,  when  the  silver  sulphide 
is  filtered  oflF  and  the  filtrate  evaporated  to  dryness.     The  residue  is 
treated  with  from  25  to  30  c.c.  of  dilute  sulphuric  acid  (1  to  100).    This 
solution  is  brought  to  the  boiling  point  and  is  allowed  to  stand  over 
night.     The  uric  acid  which  has  then  separated  out  is  filtered  off, 
washed  with  a  small  amount  of  dilute  sulphuric  acid  (not  more  than 
50  c.c),  then  with  alcohol  and  ether,  and  weighed.     To  the  resulting 
weight  0.0005  gram  is  added  for  each  10  c.c.  of  the  acid  filtrate,  to 
allow  for  the  trace  of  uric  acid  which  is  thus  lost 

After  having  filtered  off  the  uric  acid  the  filtrate  is  again  treated 
with  ammonia  and  silver  solution,  and  the  xanthin  bases  thus  pre- 
cipitated. The  precipitate  is  collected  on  a  small  filter,  washed  with 
water,  dried,  and  incinerated.  The  ash  is  dissolved  in  nitric  acid, 
and  the  silver  estimated  by  titration  with  a  solution  of  potassium 
sulphocyanide,  using  ammonioferric  alum  as  an  indicator.  (See  Chlo- 
rides.) The  solution  of  potassium  sulphocyanide  employed  in  the 
estimation  of  the  chlorides  may  be  used,  and  is  of  such  strength 
that  1  c.c.  corresponds  to  0.00734  gram  of  silver.  As  1  atom  of 
silver  in  a  mixture  of  the  silver  compounds  of  guanin,  xanthin, 
hypoxantin,  etc.,  represents  0.277  gram  of  nitrogen,  or  0.7381  gram 
of  the  alloxur  bases,  it  is  apparent  that  1  c.c.  of  the  potassium  sul- 
phocyanide solution  will  represent  0.002  gram  of  nitrogen  and 
0.00542  gram  of  alloxur  bases.  In  every  case  an  accurate  record 
must,  of  course,  be  kept  of  the  amount  of  urine  and  filtrate  used. 

The  amount  of  alloxur  bases  found  by  Salkowski  in  the  normal 
urine  of  twenty-four  hours  varied  between  0.0286  and  0.0561  gram. 

Literature. — M.  Kriiger  u.  G.  Salomon,  ''Die  Alloxurbasen  d.  Hams,"  Zeit. 
f.  physiol.  Chem.,  vol.  xxiv,  p.  364,  and  vol.  xxvi,  343;  Deutsch.  ined.  Woch., 
1899,  p.  97.  Bondsynski  u.  Gottlieb,  "Ueber  Xanthinkorper  ini  Ham  de^ 
I^ukamiker,"  Arch.  f.  exper.  Path.  u.  PhannakoL,  1895,  vol.  xxxvi,  p.  132  F. 
Gumprecht,  "Alloxurkorper  u.  Leukocvten,"  Centralbl  f.  allg.  Path.  u.  path. 
Anat.,  1896,  vol.  vii,  p.  820. 


CHEMISTRY  OF  THE  URINE  429 

Hippuric  Acid. 

Hippuric  acid  is  a  constant  constituent  of  normal  urine,  0.1  to  1 
gram  being  excreted  in  the  twenty-four  hours.  That  it  is  derived, 
to  some  extent  at  least,  from  albuminous  material  is  proved  by  the 
fact  that  its  elimination  is  not  suspended  during  starvation  nor  during 
the  administration  of  a  purely  albuminous  diet.  In  vitro  it  may 
be  obtained  from  glycocoll  and  benzoic  acid,  according  to  the  equation 


CeH, 

CH,NHj 

CH,NH— CeHjCO 

COOH 

CX30H 

«       1                              +  H,0. 
COOH 

Benzoic  add. 

Glycocoll. 

Hippuric  acid. 

It  has  been  shown  that  phenylpropionic  acid,  which  differs  from 
benzoic  acid  by  the  group  C^H^,  and  which  may  be  regarded  as 
phenylformic  acid,  is  produced  during  the  process  of  intestinal 
putrefaction.  The  relation  between  the  two  bodies  is  seen  from  the 
formulas : 

H  CjHs  CH3  CHj.CjHs 

I    >    I  I  I 

CT)OH       COOH  CH,  >   CH, 

Formic    Pbeoylformic  I  I 

*^^-  *^**-  COOH  COOH 

Propionic    Phenylpropionic 
acid.  acid. 

Phenylpropionic  acid  is  then  absorbed  into  the  blood  and  there, 
according  to  our  present  ideas,  transformed  into  phenylformic  acid 
or  benzoic  acid.  When  the  latter  comes  in  contact  with  glycocoll, 
which  is  produced  during  the  process  of  pancreatic  digestion,  an 
interaction  between  the  two  substances  occurs  in  the  body,  hippuric 
acid  resulting,  as  shown  in  the  above  equation.  This  view  is  sup- 
ported by  the  fact  that  phenylpropionic  acid,  just  as  benzoic  acid, 
when  introduced  into  the  circulation  of  certain  animals,  reappears  in 
the  urine  as  hippuric  acid.  The  final  proof  of  the  possible  synthesis 
of  hippuric  acid  from  glycocoll  and  benzoic  acid  in  the  body  has  been 
furnished  by  Bunge  and  Schmiedeberg,^  who  obtained  this  substance, 
when  arteriah'zed  blood  containing  glycocoll  and  sodium  benzoate 
was  allowed  to  pass  through  isolated  kidneys  of  dogs. 

Not  all  the  hippuric  acid  eliminated,  however,  is  referable  to  albu- 
minous decomposition,  but  a  considerable  portion  is  derived  from 
benzoic  acid  or  its  derivatives,  which  occur  in  many  fruits,  and 
are  transformed  into  hippuric  acid  in  the  body.  Among  those 
which  are  particularly  rich  in  these  substances  may  be  mentioned 
the  red  bilberry,  prunes,  coffee-beans,  green  gages,  etc.,  and  in  all 
cases  in  which  an  increased  elimination  of  hippuric  acid  is  observed 
the  possibility  of  this  source  must  be  taken  into  account. 

*  Arch.  f.  exper.  Path.  u.  Phannakol.,  vol  vi. 
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As  to  the  seat  of  the  synthesb  there  appears  to  be  some  unco- 
toinly,  as  it  b  apparently  not  the  same  in  all  animals.  In  the  doc 
and  the  frog  the  kidneys,  according  to  the  researches  of  Bunge  uo 
Schmiedeberg,  must  be  regarded  as  the  principal  and  possiUy  the 
only  organs  in  which  this  process  occurs.  As  Salomon,  however, 
has  demonstrated  the  presence  of  hippuric  acid  in  the  muscles,  lirer, 
and  blood  of  nephrectomized  rabbits,  still  other  organs  must,  in  the 
herbivora  at  least,  be  concerned  in  its  production. 

Very  little  is  knoTvn  of  the  pathological  vanations  in  the  excre- 
tion of  hippuric  acid;  this  is  principally  owing  to  the  fact  that  until 
recently  suitable  methods  for  its  quantitative  estimation  were  not 
available.  It  is  an  interesting  fact  that,  in  accordance  with  Bunge's 
experiments  in  dogs,  the  formation  of  hippuric  acid  appears  to  be 
suspended  in  cases  of  acute  as  well  as  chronic  parenchyniatoas 
nephritis,  for  the  benzoic  acid   which  b  then  iogested  resppean 


in  the  urine  unfhangot.  In  amyloid  degenenttion  a  marke<i  iliml- 
nution  has  likewise  been  demonstrateil.  Large  quantities  of  hippuric 
acid,  on  the  other  hand,  have  been  noted  in  acute  febrile  diseases, 
hepatic  diseases,  dial)etes  mellitus,  chorea,  etc.  The  data,  how- 
ever, are  insufficient  to  warrant  any  definite  conclusions.' 

Properties  of  Hippnric  Acid. — Hippuric  acid  crystallizes  in  lon^, 
rhombic  prisms  when  alloweil  to  separate  from  its  solutions  gradually, 
while  it  form.s  long  needles  if  crystallization  takes  place  rapidly  and 
the  amount  is  small  (Fig.  144).  In  cold  water  and  ether  it  b  soluble 
with  difficulty,  while  it  dissolves  readily  in  hot  water,  in  alcohol,  and 
in  aqueous  solutions  of  the  hydrates  and  carbonates  of  the  alkalies, 
with  which  it  forms  sails,  and  from  which  the  acid  may  again  be 
separated  and  caused  to  cn'stallize  out  by  adding  a  stronger  acid. 


Be< 
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When  hippuric  acid  or  one  of  its  salts  is  evaporated  to  dryness 
with  concentrated  nitric  acid  and  the  residue  is  heated,  the  odor  of 
bitter  ahnonds  is  noticed;  this  is  due  to  the  formation  of  nitrobenzol. 

When  boiled  with  hydrochloric  acid  or  dilute  sulphuric  acid 
hippuric  acid  is  decomposed  into  glycocoU  and  benzoic  acid.  A 
similar  decomposition  is  effected  during  the  process  of  putrefaction, 
and  hence  no  hippuric  acid  is  found  in  decomposing  urine,  benzoic 
acid  taking  its  place.  The  latter  is  always  found  in  the  urine  together 
with  hippuric  acid,  but  has  no  clinical  significance.  In  larger  amounts 
it  has  been  encountered  in  diabetes.  It  crystallizes  in  needles  or 
lustrous  laminse,  presenting  ragged  edges,  which  resemble  plates  of 
cholesterin.  It  is  soluble  with  diflSculty  in  cold  water,  but  easily 
soluble  in  ether,  alcohol,  and  solutions  of  the  alkaline  carbonates  and 
hydrates,  forming  salts  with  the  latter. 

Hippuric  acid  in  the  urine  occurs  in  combination  with  sodium, 
potassium,  calcium,  and  magnesium. 

QaaQtitatiye  Estimation   of   ffippuric   Acid.— The  following 

method  may  be  employed  for  the  quantitative  estimation  of  hippuric 
acid: 

Principle. — ^Hippuric  acid  readily  dissolves  in  solutions  of  the 
alkaline  hydrates  and  carbonates,  forming  salts.  These  are  decom- 
posed by  means  of  a  stronger  acid,  when  the  hippuric  acid  which 
separates  out  is  collected  and  weighed. 

Method. — 500  to  1000  c.c.  of  fresh  urine  are  evaporated  to  a 
syrupy  consistence  on  a  water  bath,  care  being  taken  to  keep  the 
urine  neutral  by  the  addition  of  sodium  carbonate.  The  residue  is 
extracted  with  cold  alcohol  (90  to  95  per  cent.),  using  about  half 
of  the  quantity  as  that  of  the  urine  employed.  The  mixture  is 
then  set  aside  for  twenty-four  hours.  The  alcoholic  filtrate,  which 
contains  the  salts  of  hippuric  acid,  is  freed  from  alcohol  by  dis- 
tillation. The  remaining  solution  is  strongly  acidified  with  acetic 
acid  and  extracted  with  at  least  five  times  its  volume  of  alcoholic 
ether  (1  part  of  alcohol  to  9  parts  of  ether).  From  the  combined 
extracts  the  ether  is  distilled  off  and  the  remaining  solution  evapo- 
rated on  a  water  bath.  The  resinous  residue  is  boiled  with  water, 
set  aside  to  cool,  and  filtered  through  a  well-moistened  filter.  The 
hippuric  acid,  which  is  easily  soluble  in  boiling  water,  is  thus 
separated  from  other  constituents  which  are  soluble  in  alcohol 
and  ether.  The  filtrate  is  rendered  alkaline  with  a  little  milk 
of  lime,  any  excess  of  calcium  being  removed  by  passing  carbon 
dioxide  through  the  mixture.  This  is  then  brought  to  the  boiling 
point  and  filtered.  Any  impurities  which  may  be  present  are  re- 
moved by  shaking  with  ether.  The  calcium  salts  remaining  in  solu- 
tion are  decomposed  by  means  of  an  acid,  when  the  solution  is  again 
extracted  with  ether.  The  remaining  solution  is  evaporated  to  a  few 
pubic  centimeters;  when  the  hippuric  acid  will  separate  out  on  standi 
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ing.  The  ciystals  are  dried  on  plates  of  plaster  of  Paris,  shaken 
with  benzol  or  petroleum  ether  to  remove  any  benzoic  acid,  and 
finally  weighed.  These  crystals  may  be  shown  to  be  hippuric  acid 
by  their  microscopic  appearance,  their  solubility  in  alcohol,  and 
their  behavior  when  evaporated  with  concentrated  nitric  acid,  as 
indicated  above. 

Hofmeister'a  Method. — 200  to  300  c.c.  of  urine  are  evaporated  in 
a  glass  dish  to  one-third  of  the  original  volume,  and  treated  with 
4  grams  of  disodium  phosphate,  to  transform  the  acid  into  its  sodium 
salt.  The  mixture  is  evaporated  to  a  syrupy  consistence,  the  resi- 
due treated  with  burnt  gypsum,  dried  thoroughly,  and  pulverized 
together  with  the  dish.  The  powder  is  extracted  in  a  Soxhlet 
apparatus  with  freshly  rectified  petroleum  ether  (boiling  point  fff 
to  80^  C.)  for  forty-six  hours,  and  then  for  six  to  ten  hours  with  pure 
ether  (free  from  water  and  alcohol).  After  distilling  oflf  the  ^her 
the  residue  is  dissolved  in  boiling  water  and  decolorized  with  animal 
charcoal,  the  latter  being  subsequently  thoroughly  washed  with  boil- 
ing water;  the  solution  and  washings  are  evaporated  to  about  1  or  2 
c.c.  at  a  temperature  of  from  50°  to  60°  C,  and  set  aside  to  ciystallize. 
The  crystals  of  hippuric  acid  are  finally  washed  with  a  few  drops 
of  water  and  ether,  and  weighed. 


Ereatin  and  Ereatinin. 

The  antecedents  of  kreatin  and  kreatinin  are  unknown.  Two 
sources  of  the  urinary  kreatinin  must  be  recognized,  viz.,  the  muscle 
tissue  of  the  body  and  the  muscle  tissue  ingested  as  food.  The  tissue 
kreatin  is  possibly  transformed  into  kreatinin  and  eliminated  in  this 
form,  while  the  kreatin  which  has  been  ingested  does  not  appear  in  the 
urine  as  kreatinin.  Its  fate  is  not  known.  Folin  reganis  kreatinin 
as  the  essential  end  product  of  the  endogenous  nitrogenous  katal>- 
olism,  in  so  far  at  least  as  the  muscle  tissue  is  concerned,  He 
has  demonstrated  the  interesting  fact  that  its  absolute  quantity  on 
a  meat-free  diet  is  a  constant  quantity,  which  is  different  for  different 
individuals,  but  wholly  independent  of  quantitative  changes  in  the  total 
amount  of  nitrogen  eliminated.  Its  relative  amount  is  increased  when 
the  urea  nitrogen  falls.  On  a  diet  rich  in  proteids  the  kreatinin  nitrogen 
represents  3.2  to  4.5  per  cent,  of  the  total,  while  on  one  free  from  pro- 
teids (starch  and  cream)  the  amount  may  rise  to  17.4  per  cent  The 
absolute  amount  seems  to  depend  to  a  certain  extent  upon  the  body 
weight.  Fat  or  corpulent  persons  yield  less  kreatinin  per  unit  of  body 
weight,  namely,  20  mgrms.  per  kilo,  while  lean  persons  yield  about 
25  mgrms.    1.15  to  1.6  grams  may  thus  be  regarded  as  average  values. 

The  study  of  pathological  variations  in  the  amount  of  kreatinin  has 
been  greatly  facilitated  through  the  introduction  of  Folin's  method 
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(see  below).  The  older  data  are  of  little  importance,  unless  the  diet 
of  the  individual  has  been  carefully  considered.  A  diet  rich  in  meats, 
it  should  be  borne  in  mind,  greatl/  increases  the  amount. 

If  then  in  patients  affected  with  acute  febrile  diseases,  such  as 
pneimionia,  typhoid  fever,  etc.,  a  large  increase  is  observed,  the 
patient  being  at  the  same  time  upon  a  milk  diet,  an  increased 
destruction  of  muscle  tissue  may  be  inferred,  as  a  milk  diet  in  itself, 
ccBieris  paribus,  causes  a  diminished  elimination.  A  decrease  would 
logically  be  expected  to  occur  during  convalescence  from  such  dis- 
eases. In  the  various  forms  of  anemia,  marasmus,  chlorosis,  phthisis, 
etc.,  a  diminished  amount  is  observed.*  The  same  is  seen  in  advanced 
cases  of  chronic  parenchymatous  nephritis,  in  progressive  muscular 
atrophy,  in  pseudohypertrophic  paralysis,  and  in  progressive  ossifying 
myositis. 

Properties  of  Ereatin  and  Ereatinin. — Chemically,  kreatin  may 
be  regarded  as  a  methyl  derivative  of  glucocyamin,  which  latter  is 
guanidin  in  which  1  NH,  group  has  been  replaced  by  glycocoU. 
Kreatinin,  on  the  other  hand,  is  the  methyl  derivative  of  glucocy- 
amidin,  which  differs  from  glucocyamin  only  in  the  absence  of  1 
molecule  of  water,  so  that  kreatinin  is  kreatin  minus  1  molecule  of 
water,  both  being  thus  theoretically  derivatives  of  guanidin.  The 
relation  between  the  various  bodies  is  shown  below: 

/NH, 
C=NH 
\NH, 

Guanidin. 

C=NH  C=N  H 

\  NH.CH,.COOH  \  N(CH,).CH,.COOH 

Glucocyamin.  Kreatin. 

/NH  /NH 

C=NH  C=N 

\  NH.CH2.CO  \  N(CH,).CH,.CO 

Glucocyamidin  (glucocyamin  minus  water).       Kreatinin  (kreatin  minus  water). 

Kreatinin  crystallizes  without  water  of  crystallization  in  colorless, 
glistening  prisms.  At  times,  when  the  crystals  are  not  well  devel- 
oped, it  also  appears  in  the  form  of  whetstones.  It  is  readily  soluble 
in  hot  and  also  quite  soluble  in  cold  water  and  hot  alcohol;  in  cold 
alcohol  and  ether  it  dissolves  with  difficulty.  It  forms  salts  with 
acids,  and  double  salts  with  some  of  the  salts  of  the  heavy  metals. 
Among  these  may  be  mentioned  kreatinin  hydrochloride,  C^H^NjO.- 
HCl,  which  is  easily  soluble  in  water  and  crystallizes  in  the  form  of 
transparent  prisms  or  rhombic  plates.  Most  important  is  the  com- 
pound of  kreatinin  with  zinc  chloride,  (C^H7N30)j.ZnCl2  (Fig.  145). 
This  b  produced  when  a  watery  or  alcoholic  solution  of  kreatinin  is 

*  C.  E.  Simon,  Physiological  Chemistry,  Lea  Bros.  &  Co.,  1907.  Senator, 
Virchow's  Archiv,  1876,  vol.  Ixvii,  p.  422.  Neubauer  u.  Vogel,  Hamanalyse, 
pt.  ii. 
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treated  with  zinc  chloride.  The  crystalline  form  of  this  compouod 
depends  greatly  upon  the  purity  of  the  kreatinin  solution.  Vihoi 
obtained  from  alcoholic  extracts  of  the  urine  it  occurs  in  the  fonn 
of  varicose  conglomerations  which  often  adhere  firmly  to  the  walls 
of  the  vessel.  If  the  solution  of  kreatinin  is  perfectly  pure,  how- 
ever, it  is  seen  in  the  form  of  fine  needles  grouped  in  rosettes  or 
sheaves.  Kreatinin-zinc  chloride  is  soluble  with  much  difficulty  in 
water  and  insoluble  in  alcohol.  The  compound  is  especially  impor- 
tant, as  upon  its  formation  and  properties  the  quantitative  estimation 
of  kreatinin  in  the  urine  is  based.  Silver  nitrate  and  mercuric  chlo- 
ride cause  a  precipitation  of  kreatinin,  and  may,  therefore,  also  be 
employed  for  the  purpose  of  obtaining  the  substance  from  the  urine. 


Fi«.  145. — Crystals  of  kreatinin-zinc  chloride,     (Salkowski.) 

Test  for  Kreatinin  in  the  Urine.— A  few  cubic  centimeters  of  urine 
are  treated  with  a  few  drops  of  a  ven^  dilute  solution  of  sodium 
nitropnisside  and  then  drop  by  drop  with  a  dilute  solution  of  sodium 
hydrate.  In  the  presence  of  kreatinin  the  urine  assumes  a  ruby-red 
color,  which  is  particularly  well  seen  in  the  lower  portion  of  the 
tube.  This  color  disappears  after  a  few  minutes,  and  is  replaced  bv 
an  intense  yellow,  which  on  warming  with  glacial  acetic  acid  in  pure 
solutions  turns  to  green,  then  to  blue,  and  on  standing  a  deposit  of 
Prussian  blue  is  obtained  {WcijVs  test)}  The  presence  of  albumin 
or  sugar  does  not  interfere  with  the  reaction. 

Folin's  Method.' — This  method  is  based  on  Jaffa's  reaction  of 
kreatinin  with  alkaline  picric  acid  solution.  The  red-colored  solu- 
tion produced  in  this  reaction  has  in  proper  concentration  and  when 
viewed  by  transmitted  light  exactly  the  same  shade  as  a  potassium 

*  Th.  Wevl.  Ber.  il.  doutsch.  cliem.  Gesollsch.,  1S78,  vol.  xi,  p.  217;  and  Jaff^, 
Zeit.  f.  physiol.  Clicm.,  18S0,  vol.  x.  p.  399. 

*  The  above  description  of  the  method  I  owe  to  the  courtesy  of  Dr.  Folin. 
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bichromate  solution.  Half-nonnal  potassium  bichromate  solution 
(containing  24.55  grams  per  liter)  is  therefore  used  as  a  standard 
for  comparison.  A  high-grade  colorimeter,  by  means  of  which  the 
depths  both  of  the  unknown  solution  and  of  the  bichromate  can  be 
adjusted' to  tenths  of  millimeters,  is  necessary  for  the  comparison.^ 

The  following  solutions  are  also  necessary:  The  half-normal  potas- 
sium bichromate  solution,  10  per  cent,  sodic  hydrate,  and  a  satu- 
rated (1.2  per  cent.)  picric  acid  solution. 

If  to  10  mgrms.  of  chemically  pure  kreatinin  dissolved  in  10  c.c. 
of  water  in  a  500  c.c.  volumetric  flask  are  added  15  c.c.  of  picric 
acid  solution  and  5  c.c.  of  sodic  hydrate,  the  maximum  color  is  ob- 
tained at  the  end  of  five  minutes.  If  at  the  end  of  this  time  the 
solution  be  diluted  to  the  500  c.c.  mark  and  at  once  compared  with 
the  standard  bichromate  solution,  it  will  be  found  that  8.1  mm.  of 
the  kreatinin-picrate  solution  have  in  the  colorimeter  exactly  the 
same  shade  and  depth  of  color  as  8  mm.  of  the  bichromate  solution. 

The  actual  determination  in  urine  is  carried  out  in  exactly  the 

same  way,  substituting  10  c.c.  of  urine  for  the  kreatinin  solution.     The 

more  kreatinin  that  is  present  in  the  10  c.c.  of  urine  the  deeper  will, 

of  course,  be  the  color  of  the  solution  obtained.     Supposing  the 

colorimetric  observation   shows  that  7.1  mm.  of  the  urine-picrate 

solution  are  equal  in  color  to  8  mm.   of  the  standard,  the  10  c.c. 

8  7 
of  urine  would  then  contain  lOX    '  =11.4  mgrms.  of  kreatinin. 

The  following  precautions  are  to  be  observed  in  the  determination : 

1.  Make  first  a  preliminary  colorimetric  observation,  using  half- 
normal  potassium  bichromate  solution  in  both  cylinders  of  the 
colorimeter,  adjusting  first  one  to  the  8  mm.  mark.  The  average  of 
three  or  four  readings  of  the  other  cylinder  should  also  be  8  mm., 
and  after  the  first  observation  no  two  should  differ  by  more  than  0.2 
mm.  This  preliminary  observation  takes  only  two  or  three  minutes, 
and  is  exceedingly  useful  in  making  the  eye  sure  of  the  correct  point 
to  be  ascertained. 

2.  Exactly  8  mm.  of  the  half-normal  potassium  bichromate  solu- 
tion must  be  used  as  the  standard  for  comparison.  16  or  24  mm., 
for  example,  cannot  be  substituted  on  the  basis  of  the  calculation 
given  above  because  the  kreatinin-picrate  solution  absorbs  light  at 
an  entirely  different  rate  from  that  of  the  bichromate  solution. 

3.  For  the  reason  given  in  the  preceding  paragraph  it  is  necessary 
to  make  each  determination  with  a  quantity  of  urine  containing  not 
less  than  5  nor  more  than  15  mgrms.  of  kreatinin.  Within  these 
limits  the  determination  as  described  is  correct  within  0.2  mgrm. 

4.  Sugar  and  albumin  do  not  interfere  with  the  determination. 
Acetone,  diacetic  acid,  and  hydrogen  sulphide  do  interfere.     Where 

*  The  French  instrument  of  Duboacq,  which  can  be  obtained  through  Eimer  & 
Amend,  is  admirably  suited  for  the  purpose. 
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these  are  present  the  urine  should  be  measured  into  a  porcelain  evap> 
orating  dish  and  heated  on  a  water  bath  with  10  c.c.  of  1  per  cent 
hydrochloric  acid  for  about  half  an  hour.  When  the  dish  is  again 
cooled,  the  reagents  are  added  directly  into  the  dish,  and  finally 
rinsed  into  the  volumetric  flask  after  five  minutes. 

5.  The  color  due  to  the  urine  is  ordinarily  of  no  appreciable  con- 
sequence because  of  the  great  dilution.  Urines  containing  bile  pig- 
ments can,  however,  first  be  cleared  by  the  addition  of  ^g  albumen 
and  then  removing  this  by  coagulation  (heat). 

The  whole  operation  can  be  finished  in  less  than  fifteen  minutes; 
indeed,  it  should  be  finished  at  once,  as  the  colored  product  obtained 
by  the  interaction  of  kreatinin  and  picric  acid  is  not  veiy  stable. 


Oxalic  Acid. 

The  origin  of  oxalic  acid  in  normal  urine  is  twofold.  The  greater 
portion  is  supposedly  derived  from  the  ingested  food,  but  there 
is  evidence  to  show  that  a  certain  amount  is  also  formed  during 
the  metabolism  of  the  body  tissues,  as  the  elimination  of  oxalic  acid 
does  not  cease  during  starvation.  The  carbohydrates  and  fats 
probably  do  not  play  a  part  in  this  connection;  and,  according  to 
Salkowski,  the  albumins  also  do  not  enter  into  consideration  per  w. 
He  rather  inclines  to  the  view  that  the  nucleins  represent  the 
antecedent  of  the  oxalic  acid,  and  as  a  matter  of  fact  uric  acid,  which, 
as  we  have  seen,  is  itself  derived  from  the  nucleinic  bavSes,  can  be 
readily  oxidized  to  oxalic  acid,  with  the  intermediary  formation  of 
parabamic  acid  and  oxaluric  a<rid.  The  latter  has  been  repeatedly 
demonstrated  in  the  urine,  and  it  is  conceivable  that  the  same  pro- 
cess may  occur  in  the  animal  body.  But  even  supposing  that  the 
oxaluric  acid  which  is  obtained  from  the  urine  is  formed  artificially 
during  the  lengthy  process  of  analysis,  and  that  the  substance  did 
not  exist  preformed,  there  is  no  reason  for  the  assumption  that  uric 
acid  may  not  be  the  nonnal  antecedent  of  the  oxalic  acid.  For 
Salkowski  has  demonstrated  conclusively  that  on  oxidation  >\ith 
ferric  chloride  in  aqueous  solution  uric  acid  fields  oxalic  acid  and 
urea  directlv. 

The  matter,  however,  is  not  quite  so  simple  as  it  appears,  and  an 
increased  elimination  of  oxalic  acid  bv  no  means  alwavs  occurs 
when  the  output  of  uric  acid  is  increased.  After  the  ingestion  of 
fairly  large  amounts  of  thymus,  for  example,  the  usual  increase  of 
uric  acid  is  not  accompanied  by  a  corresponding  increase  in  the 
amount  of  oxalic  acid,  and  in  those  cases  in  which  it  does  occur 
we  are  as  yet  unable  to  exclude  the  large  amount  of  connective 
tissue  as  the  source  of  the  oxalic  acid.  Connective  tissue  and  gelatin 
have,  as  a  matter  of  fact,  been  shown  to  increase  the  amount  of 
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oxalic  acid  when  given  in  large  amounts.  With  pure  nuclein  no 
efiFect  has  been  observed,  and  it  can  be  shown  that  in  those  experi- 
ments in  which  this  was  used  by  mouth  an  absorption  from  the 
intestinal  tract  had  manifestly  not  occurred  (Mohr  and  Salomon).^ 

Under  pathological  conditions  oxalic  acid  may  also  be  formed 
in  the  digestive  tract  from  the  ingested  carbohydrates,  as  a  result 
of  a  peculiar  fermentative  process.  This  has  been  well  shown 
by  Helen  Baldwin  in  Herter's  laboratory.  In  some  of  these  cases 
no  free  hydrochloric  acid  could  be  demonstrated 'in  the  gastric  con- 
tentSj  and  it  was  observed  that  inoculation  of  a  digestive  mixture, 
which  was  originally  free  from  oxalic  acid,  resulted  in  its  appearance 
if  a  few  drops  of  such  stomach  contents  were  added.  In  dogs  pro- 
longed feeding  with  excessive  quantities  of  glucose  together  with 
meat  was  seen  to  lead  eventually  to  a  state  of  oxaluria,  which  was 
associated  with  a  mucous  gastritis  and  the  absence  of  free  hydro- 
chloric acid.  Oxalic  acid  could  then  also  be  demonstrated  in  the 
stomach  contents. 

Veiy  curiously  the  ingestion  of  quite  small  and  non-toxic  amounts 
of  oxalic  acid  is  followed  by  a  fairly  intense  indicanuria.  It  does 
not  seem  likely  to  me,  however,  that  as  Hamack  and  v.  d.  Leyen 
suggest,  the  indicanuria  is  here  referable  to  a  toxic  action  upon  the 
tissue  albumins,  and  I  am  personally  inclined  to  explain  the  phe- 
nomenon upon  the  basis  of  increased  intestinal  putrefaction.  (See 
Indicanuria.) 

The  amount  of  oxalic  acid  which  is  normally  eliminated  in  the 
twenty-four  hours  fluctuates  with  the  amount  ingested,  and  varies 
from  a  few  milligrams  to  2  or  3  centigrams,  being  usually  less 
than  10  milligrams  (Baldwin).  It  is  influenced  by  the  character 
of  the  diet.  The  ingestion  of  oxalates  by  the  mouth  is  followed 
by  their  partial  elimination  only  in  urine  and  feces,  so  that  we  may 
conclude  that  to  a  certain  extent  oxalic  acid  is  decomposed  during 
its  passage  through  the  animal  body;  possibly  this  may  occur  in  the 
intestinal  canal  as  the  result  of  bacterial  action. 

Foods  rich  in  oxalic  acid  are  spinach,  tomatoes,  carrots,  celery, 
string-beans,  rhubarb,  potato,  dried  figs,  plums,  strawberries,  cocoa, 
tea,  coffee,  and  pepper.  Foods  which  contain  little  or  no  oxalic 
acid,  on  the  other  hand,  are  meat,  milk,  eggs,  butter,  commeal,  rice, 
peas,  asparagus,  cucumbers,  mushrooms,  onions,  lettuce,  cauliflower, 
pears,  peachy,  grapes,  melons,  and  wheat,  rye,  and  oat  flour. 

Before  drawing  conclusions  as  to  the  existence  of  abnormal  oxaluria 
it  is  hence  imperative  to  eliminate  the  possibility  of  an  increased 
ingestion,  by  placing  the  patient  upon  a  diet  which  contains  little 
or  no  oxalic  acid. 

*  Deutsch.  Arch.  f.  klin.  Med.,  1901,  vol.  Ixx,  p.  486.    Lommel,  ibid.,  vol.  Ixiii, 
p  599 
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An  increased  elimination  is  notably  observed  in  association  with 
various  dyspeptic  and  nervous  manifestations,  and  constitutes  the 
condition  commonly  spoken  of  as  the  oxalic  acid  diathesiBj  or  as 
idiopathic  oxaluria.     Its  existence  as  a  definite  pathological  picture 
is,   however,   denied   by   most  modem   chnicians.     Nevertheless  it 
must  be  admitted  that  there  is  a  certain  type  of  neurasthenia  m 
which,  generally  in  association  with  hyperchlorhydria,  an  increased 
elimination  of  oxalic  acid  takes  place,  and  in  which  a  copious  deposit 
of  calcium  oxalate  crystals  is  frequently  observed.     From  the  mere 
fact  of  the  occurrence  of  such  deposits,  of  course,  no  inference  is, 
as  a  rule,  to  be  drawn  regarding  the  actual  elimination,  but  its  fre- 
quent occurrence  is  in  itself  of  importance,  as  in  such  cases  a  similar 
separation  from  the  urine  may  already  occur  within  the  urinaiy 
passages,  and  not  uncommonly  in  the  pelvis  of  the  kidneys.    Not 
infrequently  oxaluria  of  this  type  is  associated  with  an  increased 
elimination  of  uric  acid  and  a  mild  grade  of  albuminuria,  as  has 
been  shown  by  Senator,  von  Noorden,  Da  Costa,  myself,  and  others. 
Whether  or  not  the  oxaluria  in  these  cases  can  be  explained  upon 
the  basis  of  abnormal  fermentations  in  the  gastro-intestinal  tract, 
as  is  suggested  by  the  observations  of  Baldwin,  remains  to  be  seen. 
In  some  this  may  be  the  case,  but  in  others  I  am  inclined  to  asso- 
ciate the  oxaluria  with  the  coexistent  lithuria. 

Very  interesting  is  the  apparently  vicarious  oxaluria  which  is  at  times 
observed  in  diabetes.  Fiirbringer  has  reported  a  case  of  diabetes  in 
which  the  elimination  of  oxalic  acid  was  described  as  "enormous," 
and  in  which  oxalic  acid  could  also  be  demonstrated  in  the  sputum 
(oxaloptysis).  Rausch  has  recorded  a  cavse  of  mild  diabetes,  associate*! 
with  hepatic  cirrhosis,  in  which  1.2  grams  were  excreted  in  twentv- 
four  hours.  In  most  cases  of  diabetes,  on  the  other  hand,  an  in- 
creased oxaluria  cannot  be  demonstrated. 

In  cases  of  obesitv  Kisch  found  no  abnormal  deorree  of  oxaluria. 

In  association  with  jaundice  increased  oxaluria  has  been  repeatedly 
observed,  and  is  probably  referable  to  biliary  stasis  and  consequent 
cholemia,  as  Salkowski  has  demonstrated  that  the  bile  contains 
oxalic  acid.  In  pneumonia  and  leukemia,  in  both  of  which  we  find 
as  a  rule  a  greatly  increased  elimination  of  uric  acid,  the  oxalic  acid 
is  not  always  increased,  and  sometimes  indeed  quite  low  in  comparison 
with  the  amount  of  uric  acid. 

Properties  of  Oxalic  Acid. — Oxalic  acid  occurs  in  the  urine  as  cal- 
cium oxalate,  CrCS)^,  and  is  held  in  solution  by  the  diacid  sodium 
phosphate.  It  can,  hence,  be  precipitated  by  diminishing  the  acidity 
of  the  urine  by  the  addition  of  a  little  ammonia  or  by  allowing  it 
'  to  stand  exposed  to  the  air.  When  allowed  to  crj'stallize  out  slowly, 
calcium  oxalate  occurs  in  the  form  of  well-defined,  strongly  refract- 
ive octahedra,  in  which  the  principal  axis  of  the  crystals  is  placed 
at  right  angles  to  the  plane  of  the  microscopic  slide  (Fig.  146).    These 
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are  very  characteristic.  Other  forms,  however,  are  also  quite  com- 
monly observed,  such  as  single  and  double  dumb-bells,  spheroids 
and  prisms,  etc.  They  are  insoluble  in  ammonia  and  alcohol,  almost 
insoluble  in  hot  and  cold  water,  and  very  slightly  soluble  in  acetic 
acid,  but  dissolve  with  ease  in  the  mineral  acids. 

When  strongly  heated,  the  salt  is  decomposed  into  calcium  oxide, 
carbon  dioxide,  and  carbon  monoxide. 

Tests  for  Oxalic  Acid. — ^For  the  detection  of  calcium  oxalate  it  is 
frequently  only  necessary  to  examine  the  sediment  of  the  urine  after 
standing  for  twenty-four  to  forty-eight  hours.  No  oxalate  crystals, 
however,  may  be  found  even  when  an  abnormally  large  amount 
can  be  demonstrated  by  chemical  methods.  In  such  cases  it  is 
usually  possible  to  bring  about  the  crystallization  of  the  salt  by 
carefully  neutralizing  the  urine  with  a  little  ammonia.  Should  this 
procedure  not  lead  to  the  desired  end,  it  is  best  to  treat  the  urine 
with  one-third  its  volume  of  95  per  cent,  alcohol.  The  mixture  is 
set  aside  for  twenty-four  to  forty-eight 
hours,  when  the  sediment  is  centrifugal- 
ized  and  examined  with  the  microscope. 
This  method,  Baldwin  states,  represents 
a  more  delicate  test  for  oxalic  acid  than 
the  complicated  methods  of  quantitative 
analysis  which  are  available. 

Qoantitative  Estimatioii. — Heretofore 
the  old  method  of  Neubauer  has  been  in 
general  use,  but  it  is  at  best  unsatisfactory. 
It  has  been  replaced  by  the  methods  of 
Dunlop  and  Salkowski.  ^     ,.«,,.. 

__    J      ,      --.  ^,      ,     /  ,.   ,  ^,  i..^    •     -  Fio.  146. — Calcium  oxalate 

Dnnlop  s  Method  (slightly  modified  by  crystals. 

Baldwin). — In  this  case  the  calcium  oxalate 

is  precipitated  from  an  acid  solution  by  means  of  alcohol,  instead 
of  from  an  alkaline  solution  by  calcium  chloride.  The  urine  is 
thymolized,  and,  if  alkaline,  acidified  with  a  trace  of  acetic  acid; 
500  c.c.  of  a  well-mixed  specimen  of  the  collected  urine  of  twenty- 
four  hours  are  treated  with  150  c.c.  of  over  90  per  cent,  alcohol, 
to  precipitate  the  calcium  oxalate.  The  mixture  is  set  aside  for 
forty-eight  hours.  It  is  then  filtered,  care  being  taken  to  ensure 
the  entire  removal  of  the  crystals  from  the  beaker.  The  sediment 
is  thoroughly  washed  with  hot  and  cold  water,  and  finally  with 
dilute  acetic  acid  (1  per  cent,  solution).  The  filter  is  placed  in  a 
small  beaker  and  soaked  in  a  small  amount  of  dilute  hydrochloric 
acid.  It  is  then  washed  with  hot  water  until  the  washings  no  longer 
give  an  acid  reaction.  The  acid  solution  and  washings  are  filtered, 
and  the  filtrate  evaporated  to  about  20  c.c.  This  is  treated  with  a 
very  small  amount  of  a  solution  of  calcium  chloride,  to  ensure  the 
presence  of  an  excess  of  calcium.    The  solution  is  neutralized  with 
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ammonia,  slightly  acidified  with  acetic  acid,  and  treated  with  strong 
alcohol,  so  that  the  mixture  contains  50  per  cent.  After  forty-eigfat 
hours  the  sediment  is  collected  on  a  filter  free  from  mineral  ash,  aiid 
is  washed  with  cold  water  and  dilute  acetic  acid  until  free  from  chlo- 
rides. The  filter  with  its  contents  is  then  incinerated,  first  over  a 
Bunsen  burner,  and  afterward  for  five  minutes  in  a  blow-pipe  flame. 
On  cooling  over  sulphuric  acid  the  ash  is  weighed;  the  result  multi- 
plied by  1.6  represents  the  amount  of  oxalic  acid  in  the  volume  of 
urine  examined. 

Salkowski's  Method. — In  the  case  of  human   urine  of  moderate 
concentration  500  c.c.  of  the  non-filtered  urine  are  evaporated  to 
about  one-third.     On  cooling,  the  liquid  is  acidified  with  20  c.c  of 
hydrochloric  acid  (sp.  gr.  1.12),  and  extracted  three  times  with  new 
portions  of  200  c.c.  each  of  a  mixture  of  9  to  10  volumes  of  ether 
and   1   volume  of  alcohol.     The  ethereal  extracts,   which  contain 
the  liberated  oxalic  acid  are  carefully  separated  from  the  urine 
and  filtered  through  a  dry  filter.     The  ether  is  distilled  off;  the  re- 
maining alcoholic  solution,  which  still  contains  a  little  ether,  is  placed 
in  a  deep  evaporating  dish,  diluted  with  10  to  15  c.c.  of  water,  and 
evaporated  on  a  water  bath.    The  resulting  milky  fluid  is  concen- 
trated, more  water  being  added  if  necessary,  until  it  becomes  clear 
and  a  gummy  material  separates  out.     On  cooling,  the  liquid,  which 
should  measure  about  20  c.c,  is  passed  through  a  small  filter.    This 
is  washed  once  or  twice  with  a  little  water,  when  filtrate  and  washings 
are  rendered  slightly  alkaline  with  ammonia,  treated  with  1  to  2  c.c. 
of  a  10  per  cent,  solution  of  calcium  chloride,  and  acidified  with 
dilute  acetic  acid.     The  reaction  should  be  distinctlv  acid,  but  an 
excess  shoukl  be  avoided.     An  indication  that  a  sufficient  amount 
has  been  added  is  afforded  by  the  dissolution  of  the  precipitate  of 
phosphates,  which  occurs  after  the  addition  of  the  calcium  chloride 
solution.     After  standing  for  twenty-four  hours,  or,  still  better,  forty- 
eight  hours,  the  calcium  oxalate  that  has  separated  out  is  collected 
on  a  fiker  free  from  ash,  washed  with  hot  and  cold  water,  dried,  and 
incinerated  as  usual  (see  above).     The  resulting  weight  mukiplied 
by  1 .0  indicates  the  corresponding  amount  of  oxalic  acid  in  grams. 

LiTEHATrRE.--P.  Fiirhrincor,  *' Zur  Oxalsiiureausscheidung  (lurch  d.  Ham." 
Dcutsch.  Arch.  f.  klin.  Med..  1.S70.  vol.  xviii.  p.  148.  J.  C.  Dunlop,  "The  Elimi- 
nation of  Oxalic  Acid  in  the  rrinc,"  etc..  Jour.  Path,  and  Hact.,  1890  (an  histori- 
cal review  of  the  subject  of  oxahiria  is  here  also  civen).  H.  Baldwin,  '*  An  Experi- 
mental Study  of  (^xaluria."  .lour.  Exj^er.  Med.,  vol.  v,  p.  27.  E.  Salkowski, 
BerHn.  klin.  Woclu,  1900,  p.  434:  and  Zeit.  f.  physiol.  Chem.,  vol.  xxix,  n.  437. 
E.  Harnack.  **  Ueher  Indicanurie  in  Folgc  von  Oxalsiiurewirkung,"  Aeit.  f. 
physiol.  ('hem.,  1900,  vol.  xxix.  p.  205. 

Albumins. 

The  albumins  which  may  he  met  with  in  the  urine  are  serum 
albumin,    serum  glol)uhn,   albumo.ses    (peptones),    the    albumin    of 
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3ence  Jones,  hemoglobin,  nucleo-albumin,  fibrin,  histon,  and  nucleo- 
liston.  Of  these,  serum  albumin  is  the  most  important  from  a 
clinical  standpoint. 

8€(nim  Albumin. — ^The  question  whether  or  not  serum  albumin 
3ccurs  nonnally  in  the  urine — i.  e,,  under  strictly  physiological  con- 
ditions— has  been  much  disputed.  It  is  claimed  by  some  that  trace^ 
may  be  temporarily  met  with  in  apparently  healthy  individuals  after 
severe  muscular  exercise,  cold  baths,  mental  labor,  severe  emotions, 
during  menstruation,  digestion,  etc.  This  so-called  physiologiail  albvr- 
minuria  mostly  occurs  in  young  adults,  and  is  usually,  if  not  always, 
of  brief  duration.  The  urine,  it  is  claimed,  is  otherwise  normal — 
i.  e.,  of  normal  amount,  appearance,  specific  gravity,  and  compo- 
sition, and  free  from  abnormal  morphological  constituents,  such  as 
casts,  red  corpuscles,  leukocytes,  and  epithelial  cells.^  However, 
Darling*  has  shown  that  severe  muscular  exercise  may  produce  a 
urinaiy  picture  which,  even  though  temporary,  closely  simulates 
what  is  seen  in  acute  nephritis.  He  reports  0.9  per  cent,  of  albumin 
in  a  member  of  a  Harvard  four-oared  crew  after  a  two-mile  race,  and 
unounts  varying  from  0.25  to  0.5  per  cent,  in  five  others  under  similar 
conditions.  The  sediment  at  the  same  time  contained  large  numbers 
Df  hyaline  and  finely  granular  casts,  many  with  renal  cells  and  red 
blood  corpuscles  adherent.  In  many  of  the  sediments  there  were 
sJso  numerous  red  cells  as  such  and  an  excess  of  leukocytes. 

The  existence  of  a  physiological  albuminuria,  on  the  other  hand, 
is  denied,  and  the  occurrence  of  serum  albumin  at  least  regarded  as 
pathological  in  every  case.  I  have  never  been  able  to  convince  my- 
self of  the  occurrence  of  serum  albumin  in  the  urine  under  strictly 
physiological  conditions,  and  am  hardly  prepared  to  regard  severe 
muscular  and  mental  labor,  severe  mental  emotions,  cold  baths,  etc., 
Eis  physiological  stimuli.  The  albuminuria,  so  often  observed  during  the 
first  days  of  life,  at  which  time  sediments  of  uric  acid  and  urates,  mucus, 
epithelial  celb  from  the  different  portions  of  the  urinary  tract,  and 
even  casts  may  also  be  seen — i.  e.,  constituents  which  in  adults 
would  rightly  be  regarded  as  abnormal — ^has  also  been  brought  for- 
ward in  support  of  the  theory  of  a  physiological  albuminuria.  There 
can  be  no  doubt,  however,  that  this  form  of  albuminuria  is  referable 
to  the  profound  changes  that  take  place  in  the  circulatory  system 
after  birth,  and  to  some  extent  perhaps  also  to  the  well-known  uric 
Eund  infarctions  so  frequently  seen  in  the  kidneys  of  the  newly  born, 
so  that  it  would  probably  be  better  and  more  in  accord  with  the 
teachings  of  pathology  to  regard  this  form  of  albuminuria  also  as 
abnormal.' 

The  more  closely  the  subject  of  the  so-called  physiological  albu- 

»  C.  E.  Simon,  "Functional  Albuminuria,  "  N.  Y.  Med.  Jour.,  1895,  p.  330. 

*  Boston  Med.  and  Surg.  Jour.,  September  7,  1899,  p.  231. 

'  L.  Landi,  L'albuminuria  nel  parto,  Morgagni,  1890,  vol.  xxxii 


442  THE  URINE 

minuria  is  studied,  the  more  improbable  does  its  physiolc^ical  natme 
appear,  and  a  more  detailed  study  of  the  metabolic  processes,  it  mij 
be  confidently  asserted,  will  ultimately  lead  to  the  conclusion  thit 
the  presenx;e  of  albumin  in  every  case  is  a  'pathological  phentmewm. 

The  association  of  an  increased  elimination  of  urea  and  uric  acid 
with  albuminuria  in  apparently  healthy  individuals  was  noted  mm 
years  ago,  but  received  comparatively  little  attention.^  Personal  ohsw- 
vations  have  led  me  to  look  upon  this  form  of  albuminuria  as  of 
common  occurrence,  and  while  in  almost  every  case  the  albumin  can 
be  caused  to  disappear  from  the  urine  by  proper  diet  and  exoftise, 
there  can  be  no  doubt  that,  if  neglected,  granular  atrophy  may  ulti- 
mately result. 

An  albuminuria  may  at  times  be  observed  in  anemic  childrai 
and  adolescents,  and  particularly  in  masturbating  boys  of  the  mouth- 
breathing  type,  but  can  hardly  be  regarded  as  physiological.  The 
same  may  be  said  of  the  albuminuria  of  pr^nancy  and  parturition. 

As  regards  the  action  of  cold  baths,  Rem-Picci*  reports  that  albu- 
minuria may  be  considered  a  constant  phenomenon  after  cold  baths, 
but  that  different  subjects  react  differently  under  the  same  con- 
ditions. Those  which  show  albuminuria  more  readily  are,  as  a 
rule,  the  less  robust  and  thinner  individuals,  such  as  are  most  sena- 
tive  to  cold.  The  limits  of  temperature  necessary  to  produce  the 
phenomenon  are  from  12°  to  13°  C,  when  the  immersion  is  not 
longer  than  three  minutes.  If  the  temperature  be  from  15°  to  20°  C, 
the  albumin  appears  only  after  fifteen  minutes'  inmiersion.  Above 
this  temperature  albuminuria  does  not  occur,  even  if  the  l>ath  lasts 
much  longer.  The  colder  the  bath,  the  more  rapid  the  appearance 
of  albumin.  The  degree  of  albuminuria  is  always  slight,  and  even 
in  the  more  marked  cases  rarely  exceeds  0.25  pro  mille.  The  sedi- 
ment, according  to  Rem-Picci,  occasionally  shows  a  few  hyaline 
casts,  and  often  crystals  of  calcium  oxalate. 

The  course  which  mav  be  taken  by  these  various  fonns  of  what 
should  be  terme^l  fvncilonal  albuminuria,  in  which  the  amount  of 
albumin  rarely  exceeds  0.1  per  cent.,  is  very  interesting.  The  elimi- 
nation of  albumin  may  thus  be  quite  transitory  on  the  one  hand,  as 
when  following  severe  muscular  exercise,  cold  baths,  and  the  like. 
It  mav,  however,  also  last  for  several  days,  or  even  weeks,  and  be 
followed  by  a  disappearance  of  the  albumin  for  a  variable  length  of 
time,  and  again  by  its  reappearance  and  continuance  for  days  and 
weeks.  The  term  intermittent  albuminuria^  has  been  applied  to  this 
latter  type.     At  times  the  albuminuria  may  follow  a  definite  course, 

^  Da  Costa,  ''Tlio  All)uminuria  and  Hright's  Disease  of  Uric  Acid  and  Oxalic 
Acid,"  Amcr.  Jour.  Med.  Sri..  1S95. 

2  '-On  All)umiiiuria  after  Cold  liaths."  II  Policlinico,  1901,  vol.  viii,  p.  .%S9. 

^  Bull,  Herlin.  kliu.  Woch.,  1S.S(>,  vol.  xxiii,  p.  717.  Mareau,  Rev.  de  inM.,  ISSti, 
vol.  vi,  p.  So').     Kleniporcr,  Zeit.  f.  klin.  Med.,  1S87,  vol.  xii,  p.  16S. 
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lisappearing  and  reappearing  with  such  regularity  that  it  has  not 
improperiy  been  styled  cyclic  albuminuria.^  In  this  form  the  albu- 
min generally  disappears  from  the  urine  during  the  night  or  during 
prolonged  rest  in  bed,  and  reappears  during  the  day,  the  erect  pos- 
ture apparently  favoring  its  reappearance;  the  term  postural  or 
orthostatic  albuminuria  has  hence  also  been  suggested  for  this  form. 
Oswald,  who  made  a  careful  study  of  cyclic  albuminuria  in  Riegel's 
clinic,  regards  its  occurrence  as  distinctly  pathological,  and  as  indi- 
cating the  existence  of  nephritis.  Remembering  the  importance  of 
the  subject,  it  may  not  be  out  of  place  to  enumerate  the  reasons 
which  led  Oswald*  to  this  conclusion: 

1.  The  patients  generally  come  to  the  physician  complaining  of 
certain  definite  symptoms  which  are  similar  to  those  noted  in  cases 
of  true  nephritis.  At  times,  however,  no  complaints  are  made,  be- 
cause the  patients  have  reasons  for  concealing  them  (as  in  examina- 
tions for  life  insurance),  or  because  they  are  temporarily  absent. 

2.  The  subjective  complaints,  as  well  as  the  anemia  so  frequently 
observed  in  such  cases,  generally  disappear,  together  with  the  albu- 
min, under  suitable  treatment,  and  reappear  when  the  anemia  again 
becomes  marked. 

3.  In  many  a  history  of  an  antecedent  nephritis  the  result  of 
scarlatina  or  diphtheria  may  be  obtained,  as  in  3  cases  of  Heub- 
ner,  in  14  cases  out  of  20  described  by  Johnson,  etc.  In  some 
also  a  direct  transition  from  an  acute  nephritis  to  the  cyclic  form 
of  albuminuria  has  been  noted.  Where  this  was  not  possible  the 
history  of  an  acute  infectious  disease  or  an  angina  that  had  been 
overlooked  in  the  clinical  history  must  be  regarded  as  a  possible  cause. 

4.  The  absence  of  morphological  elements,  especially  tube  casts, 
does  not  exclude  a  nephritis.  A  large  number  of  cases,  moreover, 
have  recently  been  observed  in  which  casts  were  repeatedly  found. 

5.  A  cyclic  albuminuria  may  be  observed  in  many  cases  of  chronic 
nephritis. 

6.  Marked  organic  abnormalities  (such  as  heart  lesions)  need  not 
be  demonstrable,  as  they  may  be  absent  for  a  long  period  of  time  or 
may  be  unrecognizable. 

According  to  the  researches  of  Erlanger  and  Hooker'  orthostatic 
albuminuria  is  dependent  upon  a  lowering  of  the  pulse  pressure 
(being  the  difference  between  the  minimum  and  the  maximum  blood 
pressure),  which  constantly  occurs  when  the  individual  changes  from 
the  recumbent  to  the  erect  posture.  In  the  true  form  of  orthostatic 
albuminuria  the  albumin  present  is  serum  albumin.    Casts  are  absent.^ 

*  A.  Keller,  Beitrage  z,  Kenntniss  d.  cvklischen  Albuminurie,  Disfl.,  Breslau, 
1896. 

*  **Pykliflche  Albuminurie  u.  Nephritis,"  Zeit.  f.  klin.  Med.,  vol.  xxvii,  p.  73. 
'  JoHns  Hopkins  Hosp.  Reports,  1904,  p.  346. 

*  Teissier,  Rev.  de  mM.,  April  10,  19a5.  p.  233. 
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It  may  he  safely  asserted  thai  a  transitory,  intermittent,  and  (f& 
albuminuria  is  not  infrequently  observed  in  apparently  heaUhj/  ui£- 
vidualsy  but  thai  the  facts  so  far  brought  forward  do  not  trarrofUfk 
assumption  thai  such  forms  of  albuminuria  are  physioloffical}  T^t 
occurrence  of  such  albuminuria  unquestionably  demonstintes  a  ca<- 
tain  insufficiency  of  the  renal  epithelium,  and  I  am  much  in  favor, 
as  Martins  has  proposed,  of  discarding  the  term  physiologitd 
albuminuria  altogether,  and  to  speak  of  these  various  forms  col- 
lectively as  constitutional  albuminuria. 

It  would  lead  too  far  to  enter  into  a  detailed  consideration  of  the 
various  causes  that  have  from  time  to  time  been  suggested  as  an  ex- 
planation of  the  fact  that  albumin  does  not  occur  in  the  urine  under 
normal  conditions.    There  can  be  no  doubt,  however,  that  the  integ- 
rity of  the  epithelial  lining  of  the  glomeruli  and  the  convolutd 
tubules  must  be  regarded  as  the  principal  factor  which  prevents  the 
albumin  of  the  blood  from  passing  into  the  urine.     When  the  readi- 
ness with  which  the  glandular  structures  of  the  kidney  respond  to 
any  abnormal  stimulation  is  considered,  it  is  easily  understood  how 
an  albuminuria  may  be  produced  in  many  different  ways.    Aside 
from  acute  and  chronic  inflammatory  processes  in  the  widest  sense 
of  the  word,  an  albuminuria  may  be  the  result  of  circulatory  dis- 
turbances in  the  kidneys  of  whatever  kind — i.  e,,  the  result  of  anemia 
as  well  as  of  hyperemia.     In  many  and  perhaps  the  majority  of  cases 
of  what  Bamberger*  terms  hematogenous  albuminuria,  we  have  direct 
evidence  of  the  existence  of  circulatorv  disturbances,  as  in  cases  of 
uncompensated    valvular   lesion,  weak  heart,    emphysema,  hepatic 
cirrhosis,  etc.     In  other  cases,  however,  the  existence  of  such  dis- 
turbances can  only  be  surmised,  and  the  question,  whether  or  not 
the  albuminuria  obser\'eii  in  the  various  infectious  diseases,  for  ex- 
ample, is  referable  to  circulatory  abnormalities  or  to  a  direct  irrita- 
tive action  of  microbic  poisons  upon  the  renal  parenchyma,  must 
still  remain  open. 

From  personal  studies  in  connection  with  the  functional  albu- 
minuria of  Da  Costa,  it  seems  not  unlikely  that  in  many  cases  in 
which  obscure  circulator}'  disturbances  are  supposed  to  exist  and  are 
held  responsible  for  an  existing  albuminuria,  this  is  referable  rather 
to  the  strain  thrown  upon  the  kidneys  by  the  continued  elimination 
of  abnormally  large  quantities  of  organic  material,  the  quantity  of 
water  being  at  the  same  time  proportionately  small. 

If  it  is  remembered,  furthermore,  that  injuries  affecting  certain 
portions  of  the  brain  are  followed  by  albuminuria,  and  that  this 
may  be  artificially  produced  by  a  piquure,  analogous  to  the  glucosuric 

^  V.  Noonlcn,  Deutsch.  Arch.  f.  klin.  Med.,  vol.  xocxviii,  pp.  3  and  205.  I/?ube. 
Zeit.  f.  klin.  Mod.,  1SS7.  \'o\.  xiii,  p.  I.  Wint^rnitz,  Zeit.  i.  physiol.  Chem.,  1891, 
vol.  XV,  p.  ISO.     (\  E.  Simon,  loc.  cit. 

2  Wien.  mod.  Woch.,  1881,  pp.  145  and  177. 
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^fiquwre  of  C.  Bernard,  .still  another  factor  is  given  which  may  possibly 
nter  into  the  causation  of  albuminuria. 

Obstruction  to  the  outflow  of  urine  from  the  kidneys  has  also 
^een  experimentally  shown  to  lead  to  albuminuria,  an  observation 
irith  which  clinical  experience  is  in  perfect  accord. 

In  patients  actually  in  labor  albuminuria  is  common,  and  sup- 
posedly due  to  increased  blood  pressure  in  the  kidneys  caused  by 
uterine  contractions  and  the  general  disturbance  of  the  circulation. 
The  relative  frequency  of  its  occurrence  is  a  matter  of  dispute, 
however,  and  widely  diflFering  statements  are  made  by  different 
observers,  ranging  from  15  to  20  per  cent.  (Petit,  Winckel)  to  99  and 
100  per  cent.  (Trautenroth,  PajikuU). 

As  regards  the  occurrence  of  albuminuria  in  pregnancy  the  results 
of  different  observers  likewise  differ,  viz.,  from  1  to  50  per  cent. 
In  the  last  months  of  pregnancy  Zangemeister^  found  albumin  in  10 
per  cent,  of  the  cases  examined,  and  if  repeated  examinations  were 
made  positive  results  were  obtained  persistently  during  the  last  three 
months  in  40  per  cent.  The  albuminuria  is  supposedly  referable  to 
some  metabolic  disturbance  and  impaired  excretion  by  the  kidneys. 

Finally,  an  abnormal  composition  of  the  blood  may  at  times  cause 
the  albuminuria. 

In  passing  on  to  a  more  detailed  study  of  the  various  pathological 
conditions  in  which  an  elimination  of  albumin  may  be  noted,  an 
attempt  will  be  made  to  classify  the  various  forms  of  albuminuria 
in  accordance  with  the  more  general  considerations  set  forth  above. 
It  should  be  remembered,  however,  as  already  indicated,  that  it  may 
be  veiy  difficult,  if  not  impossible,  to  assign  one  single  cause  to  a 
given  clinical  case,  as  several  factors  may  at  the  same  time  be  operative 
in  the  production  of  the  albuminuria. 

1.  Functional  Albuminuria. — Under  this  heading  may  be 
comprised  the  various  forms  of  "physiological"  albuminuria,  which 
have  already  been  considered. 

2.  The  Albuminuria  associated  with  Organic  Diseases  of 
THE  Kidneys,  viz.,  acute  and  chronic  nephritis,  renal  arteriosclerosis, 
amyloid  degeneration  of  the  kidneys.^ 

In  acute  nephritis,  albuminuria,  usually  of  great  intensity,  is  a 
constant  and  most  important  symptom.  The  amount  eliminated 
is  generally  proportionate  to  the  intensity  of  the  disease,  but  varies 
within  fairly  wide  limits,  generally  from  0.3  to  1  per  cent.,  corre- 
sponding to  a  daily  excretion  of  from  5  to  8  grams.  Much  larger 
quantities,  it  is  true,  are  at  times  excreted,  but  it  may  be  definitely 
stated  that  the  daily  loss  of  albumin  seldom  exceeds  20  grams. 

In  chronic  parenchymatous  nephritis  the  elimination  of  albumin 
is  likewise  constant,  and  the  amount  excreted  in  severe  cases  may 

»  Arch.  f.  Gyn.,  1902,  vol.  \xy\,  Heft  2. 
'  (Senator,  loc.  cit. 
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even  exceed  that  observed  in  the  acute  foi^n.  An  eliminatiofi  A 
from  15  to  30  grams,  viz.,  1.5  to  3  per  cent,  by  weight,  b  frequeathr 
observed. 

In  the  ordinary  form  of  chronic  interstitial  nephritis  the  eUmiitt- 
tion  of  albumin  is,  as  a  general  rule,  slight,  and  rarely  amounts  to 
more  than  2  to  5  grams  pro  die.  At  the  same  time  it  is  not  unusual 
to  meet  with  an  apparent  absence  of  albumin  if  the  more  onn* 
mon  tests  (see  below)  are  employed.  If  it  is  remembered  dnt 
very  often  the  diagnosis  of  the  disease  is  dependent  upon  the  denxMh 
stration  of  the  presence  or  absence  of  albumin,  the  necessity  olfrt- 
qitent  examinations  and  the  employment  of  more  delicate  tests,  ptr- 
ticularly  of  the  trichloracetic  acid  test,  as  well  as  of  a  microscopic 
examination,  is  at  once  apparent.  This  is  even  of  greater  impo^ 
tance  in  the  renal  arteriosclerosis  of  Senator,  in  which  albumin  by 
the  ordinary  tests  is  probably  not  demonstrable  in  the  majority  of 
cases,  and  in  which  even  the  trichloracetic  acid  test  may  not  be  of 
service,  and  casts  be  absent. 

Amyloid  degeneration  of  the  kidneys,  in  the  absence  of  inflamma- 
tory processes,  is  accompanied  by  a  condition  of  the  urine  closdy 
resembling  that  observed  in  the  ordinary  form  of  chronic  interstitial 
nephritis.  A  total  absence  of  albumin,  however,  is  less  frequently 
noted,  while  an  amount  varying  between  1  and  2  per  cent,  is  not 
uncommon.  It  will  be  shown  later  on  that  in  this  condition  con- 
siderable amounts  of  serum  globulin  are  excreted  in  addition  to 
the  serum  albumin;  larger  amounts,  in  fact,  than  are  generally 
observed  in  this  form  of  chronic  renal  disease;  so  that  Senator  sug- 
gests that  such  a  relation,  in  the  absence  of  an  acute  nephritis,  or 
an  acute  exacerbation  of  a  chronic  nephritis,  may  be  of  a  certain 
diagnostic  value. 

3.  Febrile  Albuminuria.^ — ^That  albuminuria  may  occur  in 
almost  anv  one  of  the  various  febrile  diseases  is  a  well-known  fact, 
but  it  is  important  to  remember  that,  while  such  an  albuminuria 
7na;/  at  times  be  referable  to  a  true  nephritis  developing  in  the  course 
of  or  during  convalescence  from  an  acute  febrile  disease,  such  is  the 
exception,  and  not  the  rule.  Under  this  heading,  only  that  form 
will  be  considered  which  is  not  associated  with  distinct  changes 
affecting  the  renal  parenchyma,  and  which  generally  appears  during 
the  height  of  the  disease  only,  and  disappears  with  a  return  of  the 
temperature  to  normal.  As  has  been  mentioned,  it  is  often  diffi- 
cult, if  not  impossible,  to  assign  a  definite  cause  for  an  albuminuria 
of  this  character,  and  in  all  probability  several  factors  are  in  opera- 
tion at  the  same  time.  In  the  beginning  of  the  disease,  when  the 
blood  pressure,   as  a   rule,   is   increased,   the  albuminuria   may  be 

^  Levden,  Zait.  f.  klin.  Med.,  1S81,  vol.  iii,  p.  161.     H.  Lorenz,  Wieii.  klin. 
Woch.;  1888,  vol.  i.  p.  119. 
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:«ferable  to  an  ischemia  of  the  kidneys,  as  the  increased  pressure 
:ii  fever,  according  to  Cohnheim  and  Mendelson,  is  largely  refer- 
3ible  to  spasm  of  the  arterioles.  Later  on,  or  in  the  beginning  of  cases 
in  which  especially  severe  intoxication  exists,  the  blood  pressure  may 
be  subnonnal,  and  the  albuminuria  be  due  to  this  cause — L  e,,  a  hyper- 
emic  condition  of  the  kidneys.  As  a  matter  of  fact,  it  has  been  experi- 
mentally demonstrated  that  both  anemia  and  hyperemia  of  the  kidney 
structure  may  lead  to  albuminuria.  On  the  other  hand,  it  is  not 
unlikely  that  the  strain  thrown  upon  the  kidneys  by  an  excessive 
elimination  of  organic  material,  in  the  absence  of  a  correspondingly 
large  quantity  of  water,  may  produce  albuminuria.  I  have  repeatedly 
seen  the  functional  albuminuria  of  the  type  described  by  Da  Costa 
disappear  during  the  administration  of  a  diet  relatively  poor  in  nitro- 
gen, while  an  increased  diuresis  was  at  the  same  time  effected  by  the 
consumption  of  large  amounts  of  water. 

In  those  grave  cases  of  typhoid  fever,  furthermore,  which  are 
characterized  by  high  fever  and  pronounced  nervous  symptoms,  it 
would  appear  quite  likely  that  the  albuminuria,  which  in  these  cases 
is  particularly  marked,  is  referable  to  a  direct  influence  upon  the 
central  nervous  system,  and  in  some  cases,  at  least,  also  dependent 
upon  an  irritant  action  upon  the  renal  epithelium  on  the  part  of  the 
microbic  poisons  circulating  in  the  blood.  The  character  of  the  albu- 
minuria will  largely  depend  upon  the  intensity  of  the  intoxication; 
in  other  words,  upon  the  amount  of  bacterial  poison  present  at  any 
one  time  in  the  blood. 

Notwithstanding  statements  to  the  contrary,  albuminuria  may  be 
r^arded  as  a  constant  symptom  of  typhoid  fever,  as  has  been  defi- 
nitely demonstrated  by  Gubler  and  Robin.  It  is  difficult  to  say  why 
other  observers  have  found  albumin  in  only  a  comparatively  small 
percentage  of  cases,  but  it  is  not  unlikely  that  this  is  owing  to  a  lack 
of  uniformity  in  methods,  it  being  presupposed  also  that  questions 
of  this  kind  can  only  be  decided  by  daily  examinations.  According 
to  Robin,  the  trace  of  albumin  which  is  at  times  observed  during 
the  first  week  of  the  disease  is  an  albumose,  while  later  on  serum 
albumin  is  constantly  found;  the  amount  increases  with  the  inten- 
sity of  the  morbid  process,  and  the  highest  figures  are  reached  in  fatal 
cases.  The  more  severe  the  disease,  the  earlier  does  albumin  appear 
in  the  urine,  it  being  remembered,  however,  that  reference  is  had 
only  to  those  cases  in  which  distinct  renal  changes  are  not  demon- 
strable. Toward  the  termination  of  the  fastigium  the  amount  of 
albumin  generally  undergoes  a  certain  diminution,  and  may  even 
disappear  entirely.  This  diminution,  however,  is  only  temporary, 
and  in  severe  cases  the  albumin  again  increases  in  amount  during 
the  period  of  great  variations  in  the  temperature.  In  light  cases 
an  increased  elimination  also  takes  place  at  this  stage,  but  is  soon 
followed  by  a  decrease,  after  which  traces  only  can  be  demonstrated. 
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In  some  cases  it  disappears  entirely,  but  it  is  rare,  according  to  Robm, 
to  meet  with  cases  in  which  a  trace  at  least  does  not  reappear  duiing 
convalescence. 

In  light  cases  the  albuminuria  rarely  persists  longer  than  the  fifth 
or  eighth  day  of  convalescence,  and  Robin  even  goes  so  far  as  to  saj 
that  a  relapse  may  be  anticipated  if  the  albuminuria  does  not  disap- 
pear at  that  time.  A  limited  number  of  personal  observations  hsTe 
borne  out  the  correctness  of  this  view.  In  severe  cases,  on  the  other 
hand,  the  albumin  persists  for  a  variable  length  of  time,  and  raid? 
disappears  before  the  tenth  day  of  convalescence.  At  times  aa 
increase  is  seen  during  convalescence  when  traces  only  have  previously 
been  observed.  It  is  this  form  which  the  French  generally  speak  of 
as  coUiquaiive  albuminuria.  While  this  is  principally  observed  in 
typhoid  fever,  it  is  not  unusual  to  meet  with  it  during  convalescence 
from  various  other  acute  diseases.  Care  must  be  taken  not  to  con- 
found the  albuminuria  so  frequently  seen  during  convalescence  from 
typhoid  fever,  referable  to  a  pyelitis,  with  the  form  just  described. 

From  the  following  summary,  constructed  from  data  given  in 
Robin's^  monograph  on  the  urine  of  typhoid  fever  and  other  acute 
infectious  diseases  which  may  be  associated  with  a  typhoid  condition, 
an  idea  may  be  formed  of  the  occurrence  of  albuminuria,  as  well  as 
of  its  degree  of  intensity  in  these  diseases: 

Acute  miliary  tuberculosis:  albumin  is  much  less  frequent  than 
in  typhoid  fever;  when  present,  it  is  rarely  found  in  the  abundance 
so  characteristic  of  the  fatal  cases  of  the  latter  disease. 

Pneumonia:  albumin  is  as  uniformly  present  as  in  typhoid  fever, 
and  at  times  very^  abundant. 

Grippe:  albumin  is  infrequent;  present  in  about  20  per  cent,  of 
the  cases,  and  only  in  traces. 

Heq)etic  fever:  albumin  never  present  in  large  amounts. 

Embarras  gastrique:  albumin  rarely  present. 

Adynamic  enteritis  of  adults:  albumin  almost  always  present,  but 
usually  only  in  traces. 

Cerebrospinal  meningitis:  albumin  in  fairly  large  amounts. 

Malignant  endocarditis:  albumin  very  abundant  in  about  14  per 
cent.,  evident  in  44  per  cent.,  and  traces  in  42  per  cent,  of  all  cases. 

Acute  articular  rheumatism:  albumin  present  in  about  40  per 
cent. 

Rubeola:  albumin  usually  absent  in  light  cases,  but  present  in  the 
more  severe  and  complicated  forms. 

Intermittent  fever:  albumin  variable. 

In  a  series  of  799  cases  of  pneumonia  reported  from  the  Boston 
Cit\'  Hospital,'  albumin  was  found  in  624 — i,  e.,  in  78  per  cent.    It 

^  Urologie  clini(}ue  de  la  fievrc  typhoide,  Paris,  1877. 

^  Sears  and  Larrabee,  Med.  and  Surg.  Rep.  of  the  Boston  City  Hospital,  12th 
Series,  Dec,  1901. 
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was  noted  that  the  death  rate  bore  a  direct  ratio  to  the  amount  of 
albumin  in  the  urine. 

In  smallpox  a  trace  of  albumin  is  practically  constant.  Some- 
what larger  amounts  are  found  in  about  30  per  cent,  of  all  cases. 
The  albuminuria  is  most  marked  during  the  eruptive  stage  and 
then  rapidly  diminishes  in  intensity.  More  rarely  it  reaches  its 
maximum  during  the  suppurative  fever  stage,  or  during  con- 
valescence.^ 

As  the  result  of  the  examination  of  a  large  number  of  cases  of 
plague  Corthom^  arrived  at  the  conclusion  that  no  albumin  is  found 
in  only  14  per  cent,  of  all  cases.  In  cases  ending  in  recovery  the 
albuminuria  never  occurred  later  than  the  fourth  day. 

In  conclusion,  it  may  be  said  that  practically  every  acute  febrile 
disease,  even  simple  follicular  tonsillitis,  may  be  accompanied  by 
albuminuria  in  the  absence  of  definite  changes  affecting  the  renal 
parenchyma.  Its  occurrence  in  an  individual  case  is  probably 
dependent  to  a  very  large  degree  upon  the  intensity  of  the  intoxica- 
tion. While  it  is  generally  an  easy  matter  to  distinguish  between 
this  form  of  albuminuria  and  that  associated  with  distinct  organic 
changes  in  the  kidneys,  considerable  difficulty  may  at  times  be  experi- 
enced; this  question  will  be  dealt  with  later  on. 

4.  Albuminuria  referable  to  Circulatory  Disturbances.' 
— ^To  this  class  belongs  the  albuminuria  so  frequently  observed  in 
cardiac  insuflSciency  referable  to  valvular  lesions,  degeneration  of  the 
heart  muscle  from  whatever  cause,  disease  of  the  coronary  arteries, 
etc.,  as  well  as  in  cases  of  impeded  pulmonary  circulation  affecting 
the  general  circulation  through  the  right  heart,  and,  finally,  in  con- 
ditions associated  with  local  circulatory  disturbances,  such  as  com- 
pression of  the  renal  veins  by  a  pregnant  uterus,  tumors,  etc.  It 
has  been  pointed  out  that  febrile  albuminuria  also  may,  to  a  certain 
extent  at  least,  be  referable  to  such  causes — i.  e.,  an  ischemia  or 
hyperemia  of  the  kidneys  produced  by  an  increased  or  diminished 
blood  pressure.  The  albuminuria  observed  in  cases  of  cholera 
infantum,  the  simpler  forms  of  intestinal  catarrh,  and  in  cholera 
Asiatica  particularly,  are  undoubtedly  dependent  upon  such  causes. 
The  quantity  of  albumin  found  under  these  circumstances  varies  con- 
siderably, but  rarely  exceeds  0.1  to  0.2  per  cent,  unless  the  disease  has 
advanced  to  a  sta^re  where  distinct  changes  in  the  renal  parenchyma 
have  resulted.  The  occurrence  of  albuminuria  after  cold  baths,  as 
stated  above,  is  regarded  by  many  as  a  "physiological"  phenomenon, 
but  this  view  should  be  rejected,  as  there  can  be  little  doubt  that  this 
form  is  also  referable  to  circulatory  disturbances. 

*  Amaud,  "  Albuminurie  et  lesioDfl  des  reins  dans  la  variole,"  Rev.  d.  m6d.,  1898, 
vol.  xviii,  p.  392. 

*  "Albuminuria  in  Plague,"  Brit.  Med.  Jour.,  Sept.  14,  1901. 

*  Senator,  loc.  cit. 
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5.  Albuminuria  referable  to  an  Impeded  Outflow  of 
Urine. — Clinically,  albuminuria  referable  primarily  to  an  impeded 
outflow  of  urine  from  the  kidneys  is  probably  of  more  frequent 
occurrence  than  is  generally  supposed,  and  especially  in  women,  in 
whom  Kelly  and  others  have  demonstrated  the  frequent  existence 
of  ureteral  stenoses.  A  complete  blocking  of  the  excretory  duct, 
on  the  other  hand,  is  rarely  seen,  but  may  be  caused  by  the  impac- 
tion of  a  renal  calculus,  the  pressure  of  a  tumor,  or  following  cer- 
tain gynecological  operations  in  which  the  ureter  is  accidentally  caught 
in  a  suture,  etc.  It  has  also  been  suggested  that  the  albuminuria 
of  pregnancy  may  be  due  to  a  compression  of  a  ureter,  but  it  is  more 
likely  that  other  factors  are  here  at  play. 

6.  Albuminuria  of  Hemic  Origin.* — It  was  formerly  supposed 
that  Bright's  disease  was  dependent  upon  certain  abnormalities  of 
the  blood,  and  as  a  matter  of  fact  this  view  has  not  onlv  never  been 
disproved,  but  is  actually  gaining  ground  from  day  to  day.  Accord- 
ing to  Semmola,  Bright's  disease  is  primarily  due  to  an  abnonnal 
power  of  diffusion  on  the  part  of  the  albumins  of  the  blood,  which 
are  eliminated  by  the  kidneys  as  waste  material.  As  a  result  of  the 
excessive  amount  of  work  thus  done,  definite  renal  changes  are  finally 
produced.  According  to  his  theoiy,  then,  the  albuminuria  is  the 
primary  factor  in  the  causation  of  nephritis.  Should  this  hypothesis 
hold  good.  Senator  is  correct  in  asserting  that  an  albuminuria  of 
functional  origin,  so  to  speak,  must  precede  the  occurrence  of  the 
nephritis  proper.  He,  however,  doubts  the  occurrence  of  a  pre- 
nephritic  albuminuria;  but  others  have  noted  the  occurrence  of  defi- 
nite renal  changes  which  manifestly  followed  an  apparently  functional 
albuminuria  (Da  Costa).  F'urther  researches  in  this  direction  are 
urgently  needed,  and  Semmola\s  view  can  at  present  only  be  regarded 
as  an  h\^othesis.  But  even  if  such  blood  changes  as  those  which 
Semmola  suggests  should  not  exist,  there  can  be  little  doubt  that 
true  nephritis  is  dependent  upon  an  acute  or  chronic  dyscrasia  of 
the  blood,  either  in  the  sense  of  an  abnormal  mixture  of  the 
normal  elements  or  of  the  presence  of  abnormal  constituents.  The 
same  considerations  undoubtedly  also  apply  to  various  other  forms  of 
albuminuria,  in  so  far  as  these  are  not  the  direct  result  of  circulaton' 
disturbances. 

Clinically,  albuminuria  of  hemic  origin  is  obser\^ed  in  various 
diseases  of  the  blood,  such  as  purpuni,  scurvy,  leukemia,  pernicious 
anemia,  as  also  in  cases  of  poisoning  with  lead  and  mercury,  in 
syphilis,  jaundice,  diabetes,  following  the  inhalation  of  ether  and 
chloroform,  etc.  The  albuminuria  associated  with  an  excessive 
elimination  of  uric  acid  and  oxalic  acid,  and,  according  to 
personal   observations,  with    an    excessive    elimination    of    organic 

'  V.  Bamberger,  loc.  cit. 
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material  in  general,  notably  of  urea,  probably  also  belongs  to  this 
class. 

7.  Toxic  Albuminuria. — It  has  already  been  stated  that  the 
albuminuria  of  acute  febrile  diseases  may,  to  a  certain  extent,  be 
referable  to  a  direct  irritant  action  on  the  part  of  bacterial  poisons 
upon  the  renal  parenchyma.  Poisoning  with  cantharides,  mustard, 
oil  of  turpentine,  potassium  nitrate,  carbolic  acid,  salicylic  acid,  tar, 
iodine,  petroleum,  phosphorus,  arsenic,  lead,  antimony,  alcohol,  and 
mineral  acids  produces  albuminuria.  In  all  probability,  however, 
the  albuminuria  here  observed  is  referable  not  only  to  a  direct  irri- 
tant action  upon  the  glandular  epithelium  of  the  kidneys,  but  also 
to  circulatory  disturbances. 

8.  Neurotic  Albuminuria. — It  is  claimed  by  some  that  albu- 
min, usually  in  small  amounts,  is  eliminated  in  epilepsy  after  every 
attack,  while  others  either  deny  its  occurrence  under  such  conditions 
or  r^ard  it  as  exceptional.  In  a  number  of  cases  in  which  I  had 
occasion  to  examine  urine  voided  after  an  attack,  albumin  was  usually 
absent.  It  should  be  stated,  however,  that  the  seizures  in  these 
cases  were  comparatively  slight,  and  that  unfortunately  an  exam- 
ination for  semen  was  not  made  in  those  urines  in  which  traces  of 
albumin  were  demonstrated.  An  examination  of  the  urine  voided  by 
a  patient,  after  having  been  in  the  epileptic  state  for  more  than  forty- 
eight  hours,  showed  the  presence  of  a  small  amount  of  albumin 
associated  with  an  enormous  elimination  of  uric  acid,  as  well  as  a 
lai^  excess  of  urea.  Semen  was  absent.^  Nothnagel  states  that  he 
could  not  demonstrate  any  regularity  in  the  appearance  of  albumin. 
In  some  of  his  cases  with  major  attacks  there  was  no  albumin;  in 
others  it  appeared  after  every  attack;  in  still  others  it  was  some- 
times present  and  at  other  times  absent  (in  the  same  individual). 
At  times  it  was  found  after  a  minor  attack  and  was  absent  after  a 
major  attack  (also  in  the  same  individual). 

Other  observers  have  obtained  similar  results,  so  that  we  may 
conclude  that  albuminuria  following  epileptic  seizures  is  rather  the 
exception  than  the  rule.  When  it  does  occur,  its  significance  is 
essentially  the  expression  of  a  certain  grade  of  cyanosis  during  the 
attacks.' 

A  transient  albuminuria  has  also  been  noted  in  cases  of  progressive 
paralysis,  mania,  tetanus,  delirium  tremens,  apoplexy,  migraine, 
Basedow's  disease,  brain  tumor,  etc. 

Although  albuminuria  may  apparently  be  produced  artificially  by 
injuries  affecting  a  certain  area  in  the  floor  of  the  fourth  ventricle 
analogous  to  the  production  of  glucosuria  (see  Glucosuria),  it  would 
probably  be  going  too  far  to  assume  the  existence  of  a  certain  spe- 

'  M.  Huppert,  Virchow's  Archiv,  1874,  vol.  lix,  p.  305. 

'  Nothnagel,  Ziemssen's  Handbuch,  1877,  vol.  xii,  p.  179.  Binswanger,  Noth- 
nagel'a  spec.  Pathol,  u.  Therap.,  vol  xii,  p.  235  (literature). 
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cific  centre,  stimulation  of  which  causes  the  appearance  of  albumin 
in  the  urine.  While  the  influence  of  the  nervous  system  in  prevent- 
ing the  passage  of  albumin  through  the  glomeruli  under  normal 
conditions  is  undoubted,  it  would  appear  more  likely  that  the  albu- 
minuria following  injuries  to  the  central  nervous  system  is  referable 
to  circulatory  disturbances  in  the  kidneys  secondary  to  lesions  of 
the  brain,  and  especially  of  the  medulla.  The  albuminuria  observed 
in  certain  neurotic  individuals,  on  the  other  hand,  is  probably  more 
frequently  associated  with  metabolic  abnormalities,  and  is  of  hemic 
origin. 

9.  A  Digestive  Albuminuria  has  also  been  described.*  It  may 
follow  the  ingestion  of  excessive  amounts  of  cheese,  ^gs — particu- 
larly when  taken  raw — ^beef,  etc.  Specially  interesting  is  the  fonn 
which  follows  the  ingestion  of  excessive  amounts  of  egg  albumen. 
Ordinarily  the  consumption  of  a  moderate  amount  of  such  albumen 
does  not  lead  to  albuminuria,  while  in  cases  of  nephritis  an  already 
existing  albuminuria  is  increased.  But  it  has  also  been  noted  that 
even  in  individuals  with  apparently  healthy  kidneys,  the  ingestion 
of  an  excessive  amount  of  egg  albumen  may  call  forth  albuminuria, 
and  it  is  possible  in  both  cases  to  demonstrate  the  presence  in  the 
urine  of  both  egg  albumen  and  blood  albumin. 

To  examine  into  this  question  the  individual  is  given  from  four  to 
eight  raw  eggs  on  an  empty  stomach  in  the  morning  for  two  to  four 
days.  His  diet  otherwise  is  as  usual.  The  urine  is  collected  at 
intervals  of  from  two  to  three  hours.  If  the  ingestion  of  such  an 
amount  of  egg  albumen  leads  to  albuminuria,  Uiis  usually  occurs 
after  about  four  hours,  and  reaches  its  maximum  intensity  two  hours 
later.     Casts  are  not  found  (Jnouye). 

The  albuminuria  in  question,  so  far  as  the  egg  albuminuria  goes, 
is  undoubtedly  owing  to  the  fact  that  a  certain  amount  of  egg  albu- 
men is  absorbed  as  such  from  the  gastro-intestinal  canal  and  is  subse- 
quently eliminated  as  foreign  material.  In  what  manner,  however, 
the  egg  albuminuria  may  be  responsible  for  the  accompanying  senini 
albuminuria  is  more  difficult  to  explain. 

Of  the  albuminuria  which  follows  excessive  indulgence  in  cheese 
and  beef  but  little  is  known.  Bearing  in  mind  that  the  albumin- 
uria very  often  follows  the  ingestion  of  such  articles  almost  immedi- 
ately, and  before  thev  have  become  absorbed,  it  is  hanlly  justifi- 
able to  refer  this  form  to  the  existence  of  a  hyperalbuminosis.  It 
would  appear  more  rational,  as  Senator  has  suggested,  to  think 
of  reflex  vasomotor  or  trophic  changes  affecting  the  kidneys;  while 
in  other  cases,  in  which  the  albuminuria  does  not  follow  the  inges- 
tion of  such  articles  of  food  immediately ,  it  is  quite  probable  that 

*  Asooli,  "ro}>or(l.  Mochaiiismus  d.  Alhuminurie  durch  Eicreiwciss."  Miinch. 
med.  Woch..  11H)2,  No.  10.  Jnouye,  '*  lelKT  alimentiire  Albuminurie,"  Deutsch. 
Arch.  f.  klin.  Med.,  1902,  vol.  Ixxv,  p.  37S. 
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it  may  be  dependent  upon  certain  metabolic  abnormalities  affecting 
the  normal  composition  of  the  blood. 

In  the  account  thus  given  of  the  occurrence  of  albuminuria  and 
its  possible  causes,  reference  has  been  had  to  only  a  purely  renal  albu- 
minuria. It  should  be  remembered,  however,  that  the  origin  of  the 
albumin  may  often  be  extremely  difficult  to  determine,  as  albuminous 
material,  such  as  blood  and  pus,  may  become  mixed  beyond  the 
glandular  portion  of  the  kidneys  with  what  would  otherwise  have 
been  a  perfectly  normal  urine,  and  that  such  an  admixture  may  take 
place  not  only  in  the  ureters,  the  bladder,  and  the  urethra,  but  even 
in  the  pelvis  of  the  kidney. 

The  term  accidental  albuminuria  is  applied  to  a  condition  in  which 
albuminous  material  becomes  mixed  with  a  urine  beyond  the  kidneys, 
as  in  cases  of  cystitis  and  urethritis,  or  whenever  semen  has  entered 
the  urine  while  the  renal  urine  proper  is  free  from  albumin.  An  admix- 
ture of  pus,  blood,  lymph,  or  chyle  may,  however,  also  occur  in  the 
kidneys,  when  the  albuminuria  is  termed  accidental  renal  albuminuria, 
an  example  of  which  is  frequently  seen  in  the  slight  degree  of  albu- 
minuria referable  to  pyelitis  during  convalescence  from  typhoid 
fever.  By  a  mixed  albuminuria  and  a  mixed  renal  albuminuria,  on 
the  other  hand,  we  are  to  understand  conditions  in  which  the  source 
of  the  albumin  is  twofold,  renal  and  extrarenal  in  the  first  instance, 
parenchymal  and  extraparenchymal  in  the  second,  examples  being  the 
albuminuria  of  cystitis  combined  with  nephritis  and  pyelonephritis, 
respectively. 

It  is  manifest,  of  course,  that  in  every  instance  in  which  albumin 
is  found  in  the  urine  its  origin  should  be  ascertained.  While  this 
question  is  usually  readily  decided  by  a  microscopic  examination 
of  the  urine,  considerable  difficulty  may  occasionally  be  experienced. 
It  is  a  well-known  fact  that  in  the  urine  of  women  a  trace  of  albu- 
min may  frequently  be  detected,  which  is  not  due  to  any  lesion  of 
the  urinaiy  organs,  but  to  an  admixture  of  vaginal  discharge,  of 
blood  during  the  process  of  menstruation,  and,  in  married  women, 
of  semen.  Whenever,  therefore,  doubt  is  felt  as  to  the  origin  of  the 
albumin,  the  specimen  for  examination  should  be  obtained  by  the 
catheter,  care  being  taken  previously  to  cleanse  the  vulva.  In  men 
albumin  may  be  referable  to  a  gonorrheal  urethritis.  In  such  cases 
it  is  well  to  let  the  patient  flush  out  his  urethra  first,  and  to  make 
use  for  examination  of  the  portion  last  voided.  Veiy  often,  how- 
ever, the  conditions  are  more  complex,  it  being  uncertain  whether 
the  albumin  is  referable  to  the  presence  of  pus  only,  or  whether  its 
origin  is  in  the  renal  parenchyma.  In  such  cases,  as  in  cystitis, 
pyelonephritis,  etc.,  a  careful  microscopic  examination  and  enumer- 
ation of  the  pus  corpuscles  with  the  Thoma-Zeiss  instrument  are 
called  for,  and  will  in  the  majority  of  instances  decide  the  question. 
Generally  speaking,  the  amount  of  albiunin  found  in  uncomplicated 
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cases  of  cystitis  does  not  exceed  0.15  per  cent.,  while  in  oases  of 
pyelitis  of  the  same  intensity  the  amount  of  albumin  is  from  two  to 
three  times  as  large. 

Of  late,  attention  has  repeatedly  been  drawn  to  the  occasional 
presence  in  the  urine  of  an  albuminous  body  which  is  soluble  in 
acetic  acid,  and  which  Patein  regards  as  a  modification  of  common 
serum  albumin.  It  has  thus  far  been  observed  in  only  8  cases, 
viz.,  twice  in  chronic  nephritis,  three  times  in  eclampsia,  once  in  a 
cystic  kidney,  once  in  tonsillitis  following  an  injection  of  diphtheria 
antitoxin,  and  once  in  a  pregnant  woman  in  whom  typhoid  fever 
developed.  I  should  suggest  that  the  substance  be  spoken  of  as 
Patein's  albumin^  until  its  chemical  identity  has  been  established. 
The  term  acetosolvble  albumin  is,  of  course,  likewise  admissible. 

So  far  as  the  amount  of  albumin  is  concerned,  which  may  be 
eliminated  in  the  twenty-four  hours,  an  excretion  of  less  than  2  grams 
may  be  regarded  as  insignificant,  6  to  8  grams  as  a  moderate  amount, 
and  10  to  12  grams  or  more  as  excessive.  An  excretion  of  20  to  30 
grams  is  exceptional. 

Serum  Olobulin. — It  has  been  pointed  out  that  in  cases  of  amyloid 
degeneration  of  the  kidneys  serum  globulin  is  found  in  the  urine 
together  with  serum  albumin  in  large  amounts,  and,  according  to 
Senator,  a  ratio  between  the  two  albumins  of  1  to  0.8  to  1.4  maj  be 
regarded  as  a  fairly  constant  symptom  of  the  disease,  and  of  diag- 
nostic importance.  There  seems  to  be  no  doubt,  however,  that 
serum  globulin  occurs  in  the  urine,  although  in  much  smaller  quan- 
tities than  in  the  disease  mentioned,  whenever  serum  albumin  is 
eliminated." 

A  most  remarkable  instance  of  globulinuria  has  been  reconied 
by  Noel  Paton;*  in  which  the  globulin  separated  out  in  crystalline 
form  and  was  found  in  extraordinarily  large  quantity,  amounting  on 
one  day  to  70  grams. 

Albomoses. — Albumoses  have  frequently  been  encountered  in  the 
urine,  but  are  probably  more  frequently  overlooked,  as  the  bodies 
in  cjiiestion  are  not  precipitated  on  boiling. 

Albumosuria  is  obser\ed  under  a  great  variety  of  conditions. 
It  is  thus  noted  in  association  with  large  accumulations  of  pus  within 
the  body,  and  there  can  be  little  doubt  that  the  albumosuria  is  in 
such  instances  referable  to  a  disintegration  of  the  pus  corpuscles 
and  a  resorption  of  the  resulting  albumoses.  This  form  has  hence 
been  termed  "pyogenic  albumosuria.  It  is  principally  observed  during 
the  stage  of  resolution  in  cases  of  croupous  pneumonia;  in  associa- 

^  Ptitoin,  *' Acctosolublc  Allniiniu  in  the  Urine,"  Conipt.-rcnd.  de  I'Acad.  des 
sci.,  1S<S9.     (V)plin,  Phila.  Med.  Jour.,  1899,  p.  957. 

^  Edlefsen.  Deutsch.  Arch.  f.  klin,  Med.,  vol.  vii,  p.  67.  Senator,  Virchow's 
Arrhiv,  vol.  Ix,  p.  470.     Petri,  Diss.,  Berlin,  1870. 

^  H.  Hraniwell  and  N.  Paton,  Lalniratory  Hejx)rts  of  the  Royal  College  of 
Physicians,  Kdinlnirgh,  1892,  vol.  iv,  p.  47. 
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tion  with  pyothorax,  and  in  cases  of  epidemic  cerebrospinal  menin- 
gitis, as  contrasted  with  the  tuberculous  form.  A  hepcUogenic  form 
is  noted  in  connection  with  diseases  of  the  liver,  notably  acute  yel- 
low atrophy.  Of  its  origin,  however,  nothing  is  known.  Fonnerly, 
when  the  condition  was  looked  upon  as  a  peptonuria,  and  when  it 
was  thought  that  peptones  were  retransformed  into  native  albumins 
in  the  liver,  the  **  peptonuria"  was  explained  upon  the  assumption 
that  the  liver  had  lost  this  power,  and  that  the  "peptones"  accumu- 
lated in  the  blood,  and  were  consequently  eliminated  in  the  urine. 
At  the  present  day  this  view  is  no  longer  tenable. 

An  enterogenic  form  of  albumosuria  has  been  noted  in  various 
diseases  of  the  intestinal  tract,  such  as  typhoid  fever,  tuberculous 
ulceration,  carcinoma,  etc.;  and  it  is  possible  that  in  these  cases  the 
albumoses  are  either  directly  absorbed  from  disintegrating  pus,  or 
that  the  intestine  perhaps  has  in  part  lost  the  power  of  preventing 
the  resorption  of  albumoses  as  such  into  the  blood. 

A  hiMogenic  or  hematogenic  origin  has  been  ascribed  to  the  albu- 
mosuria which  is  seen  in  cases  of  scurvy,  in  dermatitis,  in  various 
forms  of  poisoning,  during  the  puerperal  period  and  pregnancy,  par- 
ticularly following  the  death  of  the  fetus,  in  various  psychoses,  in 
cases  of  carcinomatosis,  acute  yellow  atrophy,  etc. 

A  renal  or  vesical  form  of  albumosuria  is  further  noted  in  which 
the  albumoses  are  derived  from  contained  albumins,  owing  either  to 
the  presence  of  the  common  proteolytic  ferments  of  the  urine  or  to 
bacterial  action,  as  in  decomposing  albuminous  urines. 

Aside  from  the  conditions  already  mentioned,  albumosuria  has 
been  observed  in  various  septic  conditions,  in  diphtheria,  measles, 
scariatina,  acute  articular  rheumatism,  mumps,  malaria,  phthisis; 
further,  in  association  with  leukemia,  nephritis,  puerperal  parame- 
tritis, endocarditis,  caries,  pleurisy,  heart  disease,  apoplexy,  myxedema, 
carcinomatous  peritonitis,  in  pneumonia,  at  the  height  of  the  disease 
and  before  resolution  has  set  in,  in  liver  abscess,  etc. 

In  the  differential  diagnosis  of  suppurative  meningitis  a  positive 
albumose  reaction,  according  to  Senator,  speaks  strongly  in  favor  of 
the  existence  of  this  disease.  In  support  of  this  view  he  cites  the 
case  of  a  young  man,  the  subject  of  a  median  otitis  of  long  standing, 
in  which  symptoms  pointing  to  a  meningitis — ^viz.,  fever,  headache,  and 
pains  in  the  neck — were  present,  but  in  which  no  albumosuria  was 
found  to  exist,  and  in  which  an  operation  revealed  the  presence  of 
a  cholesteatoma.  A  digestive  form  of  albumosuria  has  recently  been 
described,  in  which  albumoses  appear  in  the  urine  after  their  inges- 
tion in  large  quantities,  and  it  is  claimed  that  this  is  observed  only 
in  cases  of  ulcerative  disease  of  the  intestinal  tract.  Only  a  positive 
result,  however,  is  of  value. 

Very  frequently  albumosuria  accompanies  albuminuria,  a  condi- 
tion which  Senator  has  termed  mixed  albuminuria,  and  it  is  interest- 
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ing  to  note  that  the  albumosuria  may  alternate  with  the  albuminuiia, 
and  may  precede  or  follow  the  latter.  In  any  case  in  which  albu- 
moses  can  be  demonstrated  in  the  urine  the  appearance  of  albumin 
should  accordingly  be  anticipated. 

In  all  cases  of  albumosuria  the  amount  of  albumose  that  appears 
in  the  urine  is  relatively  small,  and  as  a  rule  cannot  be  demonstrated 
by  the  biuret  test  when  applied  directly  to  the  native  urine.  On  the 
contrary,  it  is  necessary  to  isolate  the  substance  more  or  less  d^nitely 
before  deductions  can  be  drawn  as  to  its  preseiice  or  absence. 

I^iTERATURE. — Hofmeister,  Prag.  med.  Woch.,  1899,  vol.  v,  pp.  321  and  325. 
V.  Noorden,  Lehrbuch  d.  Path.  d.  Stoffwechsels,  Hirechwald,  Benin,  1893,  p.  215. 
Senator,  Deutsch.  med.  Woch.,  1895,  vol.  xxi,  p.  217.  Stsidelmann,  Untersucfa- 
ungen  iiber  Peptonurie,  Bergmann,  Wiesbaden,  1894.  v.  Jaksch.  Prag.  med. 
Woch.,  vol.  V,  pp.  292  and  303,  and  vol.  vi,  pp.  61,  74,  86,  133,  143;  Zeit.  f.  klin. 
Med.,  1883,  vol.  ^'i,  p.  413.  Krehl  u.  Matthes,  Arch.  f.  klin.  Med.,  1895,  vol.  xlv, 
p.  54.  Maixner,  Zeit.  f.  klin.  Med.,  1884,  vol.  \'iii,  p.  234.  Fischd,  Arch.  f. 
Gynfik.,  1884,  vol.  xxiv,  p.  27.  v.  Jaksch,  Prag.  med.  Woch.,  1895,  vol.  xx,  p. 
430.  Katz.  Wien.  med.  Blatter,  1890,  vol.  xiv.  L.  v.  Aldor,  Berlin,  klin.  Woch.. 
1899,  pp.  765  and  785. 

Bence  Jones'  Albumin. — In  association  with  the  occurrence  of  mul- 
tiple myeloma  of  the  bones,  notably  when  affecting  the  thoracic  skele- 
ton, a  peculiar  albuminous  body  may  be  found  in  the  urine,  which 
is  apparently  pathognomonic  of  the  disease  in  question.  It  is  to  be 
noted,  however,  that  cases  have  also  been  reported  in  which  the 
substance  was  absent,  so  that  a  positive  result  only  is  of  value.  It 
was  first  observed  by  Bence  Jones,  and  has  heretofore  been  regarded 
as  an  albumose.  From  the  researches  of  Magnus  Levy  and  my 
own  investigations,  however,  it  appears  that  the  substance  is  in 
reality  a  true  albumin,  as  it  yields  a  proto-albumose  on  peptic  diges- 
tion; but  it  differs  from  all  known  albumins  in  its  relative  solu- 
bility on  boiling,  and  in  the  readiness  with  which  it  dissolves  in 
dilute  ammonia  after  precipitation  with  alcohol.  Like  casein,  it 
contains  no  hetero-group,  but  is  distinguished  from  it  by  the  pres- 
ence of  a  carbohydrate  radicle  and  the  probable  absence  of  phos- 
phorus. It  is  crj'stallizable,  and  may  occur  in  the  urinary  sediment 
in  the  form  of  typical  spheroliths. 

The  amount  of  the  substance  which  may  be  found  in  the  urine  is 
variable.  Some  observers  have  noted  an  elimination  of  from  0.25 
to  6.0  pro  mille,  while  others  report  much  larger  quantities.  In 
Bence  Jones'  case  the  elimination  rose  on  one  occasion  to  6.7  per 
cent.,  corresponding  to  a  total  output  of  70  grams  in  the  twenty- 
four  hours — ?.  e,y  to  nearly  as  much  as  the  entire  amount  of  the 
albumins  of  the  blood  plasma. 

As  regards  the  origin  of  the  albumin  nothing  definite  is  known, 
but  there  is  reavSon  to  suppose  that  it  is  not  derived  from  the  mye- 
lomatous  tissue  as  such.  We  may  imagine,  however,  that  through 
the  agency  of  the  cells  of  the  abnormal  tissue,  viz.,  their  products 
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of  metabolism,  the  nonnal  transfonnation  of  the  ingested  albumins 
into  tissue  albiunins  is  impeded,  resulting  in  the  production  of  the 
substance  in  question,  which  is  then  eliminated  as  foreign  matter. 

As  the  diagnosis  of  myeloma,  in  its  early  stages  at  least,  is  alto- 
gether dependent  upon  the  demonstration  of  the  albumin  in  question, 
a  special  examination  should  be  made  in  this  direction  in  all  cases 
of  obscure  bone  pain,  as  also  in  obscure  cases  of  anemia,  since  £11- 
inger  has  shown  that  at  times  the  disease  may  take  its  course  with- 
out the  occurrence  of  local  symptoms,  while  a  marked  anemia  may 
exist. 

Of  special  interest  in  this  connection  is  the  fact  that  Ziilzer  claims 
to  have  succeeded  in  bringing  about  the  appearance  of  Bence  Jones' 
albumin  in  the  urine  of  animals  by  feeding  with  pyrodin,  which  is 
known  to  be  a  distinct  hemolytic  poison. 

It  has  been  recorded  by  several  observers  that  the  Bence  Jones  albu- 
minuria was  accompanied  by  ordinaiy  albuminuria.  In  no  case, 
however,  was  the  presence  of  conunon  albumin  established  in  a  satis- 
factoiy  manner,  and  it  appears  to  me  that  its  presence  was  merely 
assumed,  whenever  the  urine  did  not  clear  entirely  on  boiling  (see 
tests).  This  is  unwarrantable,  as  it  is  now  well  known  that  the  Bence 
Jones  albiunin  itself,  after  being  precipitated  by  heat,  may  not  alto- 
gether dissolve  on  boiling.  In  two  such  cases,  where  one  might  have 
been  led  to  assume  the  existence  of  ordinary  albumin,  I  could  demon- 
strate conclusively  that  this  was  not  present.  I  should  recommend 
that  in  all  such  cases  the  urine  be  carefully  and  slowly  heated  to  56° 
C,  and  maintained  at  that  temperature  until  no  more  albumin  sepa- 
rates out  and  that  on  cooling  it  be  filtered.  The  filtrate  can  then  be 
tested  as  usual  for  common  albumin,  either  by  heat  or  other  tests, 
and  I  think  that  it  will  be  found  that  conunon  albumin  is  not  present. 
That  the  two  conditions  may  occur  together  is  of  course  a  priori  pos- 
sible, but  in  the  previously  recorded  cases  no  satisfactory  evidence 
has  been  brought  forward  to  show  that  this  did  occur. 

Ltterature. — Bence  Jones,  Med.  and  Chir.  Trans.,  1850,  vol.  xxxiii;  and  Phil. 
Trans.  Royal  Soc.  of  London,  1848.  Kiihne,  "Ueber  Hemialbumose  im  Ham," 
Zeit.  f.  Biol.,  vol.  xxix,  p.  209.  Ellinger,  "  Ueber  d.  Vorkommen  d.  Bence  Jones'- 
schen  K6rper  im  Ham,"  Arch.  f.  kiin.  Med.,  1898,  vol.  Ixii,  p.  255.  Magnus 
Levy,  Zeit.  f.  physiol.  Chem.,  1900,  vol.  xxx,  p.  200.  Hamburger,  Johns  Hopldns 
Hosp.  Bull.,  Feb.,  1901.  Ziilzer,  Berlin,  klin.  Woch.,  1900,  p  894.  C.  E.  Simon, 
Amer.  Jour.  Med.  Sci.,  1902,  vol.  cxxiii,  p.  954. 

Peptonuria. — ^To  judge  from  recent  investigations  by  Ito/ 
true  peptone  in  the  sense  of  Kuhne,  may  occur  in  the  urine 
under  pathological  conditions.  He  obtained  positive  results  in 
pneumonia,  in  advanced  cases  of  phthisis,  in  ulcer  of  the  stomach, 
and  in  several  women  after  childbirth.    The  reaction  was  most 

*  "Ueber  d.  Vorkommen  v.  echtem  Pepton  im  Ham,"  Deutsch.  Arch.  f.  klin. 
Med.,  1901,  vol.  Ixxi,  p.  29. 
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intense  in  the  pneumonia  cases;  it  appeared  already  before  resolu- 
tion occurred,  and  disappeared  a  few  days  after  the  crisis.  In  the 
parturient  women  no  reaction  was  obtained  if  the  examination  wis 
delayed  until  after  the  tenth  day.  It  is  noteworthy  that  m  the 
cases  examined  by  Ito  the  peptonuria  was  always  associated  with  the 
presence  of  albumoses  (deutero-albumoses),  and  that  the  peptone  wis 
present  in  still  smaller  amount  than  the  albumoses. 

Hemoglobin  (Methemoglobin) . — Under  normal  conditions  the  dis- 
integration of  the  red  blood  corpuscles  which  is  constantly  taking 
place  in  the  body  never  results  in  such  a  degree  of  hemoglobinemia 
as  to  be  followed  by  an  elimination  of  hemoglobin  in  the  urine. 
Whenever  the  destruction  of  red  corpuscles  is  so  extensive,  how- 
ever, that  the  liver  is  unable  to  transform  into  bilirubin  all  the  blood- 
coloring  matter  set  free,  hemoglobinuria  occurs.  While  these  factors, 
then — i,  e,,  an  excessive  destruction  of  the  red  blood  corpuscles  and 
an  insufficiency  on  the  part  of  the  liver — ^must  be  regarded  as  explain- 
ing every  case  of  hemoglobinuria,  our  knowledge  of  the  ultimate 
causes  of  such  excessive  disintegration,  as  well  as  the  manner  in 
which  these  operate,  is  limited.  Formerly  the  term  hematinuria  was 
applied  to  this  condition.  It  was  shown,  however,  that  the  pigment 
eliminated  is  in  reality  not  hematin,  but  usually  methemoglobin,  and 
only  at  times  hemoglobin,  so  that  the  term  hemoglobinuria  is  also 
ill  chosen. 

Most  common  is  the  hemoglobinuria  produced  by  certain  poisons, 
such  as  potassium  chlorate,  arsenious  hydride,  hydrogen  sulphide, 
pyrogallic  acid,  naphtol,  hydrochloric  acid,  tincture  of  iodine,  car- 
bolic acid,  carbon  monoxide,  etc.,  and  also  by  morels  (Helvella 
esculenta). 

Quite  familiar  is  the  hemoglobinuria  obser\'ed  following  trans- 
fusion of  the  blood  of  animals  into  man,  such  as  that  of  the  calf 
and  lamb;  also  the  form  seen  in  extensive  bums  and  in  insolation. 

While  hemoglobinuria  mav  occur  in  the  course  of  anv  one  of  the 
specific  infectious  diseases,  such  as  scarlatina,  icterus  gravis,  variola 
hemorrhagica,  typhoid  fever,  yellow  fever,  etc.,  it  is  said  to  be  espe- 
cially frecjuent  in  cases  of  malarial  intoxication.     This  view  is  not 
accepted  by  many;  Osier,  among  others,  believes  that  it  has  fre- 
quently been  confounded  with  malarial  hematuria.     I  have  never 
seen  an  instance  of  malarial  hemoglobinuria,  and  believe  that  in 
our   more    temperate    zones    it    scarcely    ever   occurs.     Bastianello 
asserts  that  it  is  likewise  rare  in  Italy,  but  more  common  in  Sicilv 
and  Greece,  and  verj^  common  in  the  tropics.     According  to  the 
same  observer,  hemoglobinuria  occurs  only  in  infections  with  the 
estivo-autumnal  parasite.     A  hemoglobinuria  due  to  quinine  is  like- 
wise said  to  exist,  but  is  certainly  rare,  excepting  in  patients  who 
are  suffering  or  have  recently  suffered  from  malarial  fever.     I  have 
seen  but  one  instance  of  hemoglobinuria  following  the  ingestion  of 
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quinine.  To  judge  from  the  literature  upon  the  subject,  there  can  be 
no  doubt  that  syphilis  may  under  certain  conditions  be  a  potent  fac- 
tor in  the  production  of  hemoglobinuria.  This  appears  to  be  par- 
ticulariy  true  of  those  cases  of  so-called  paroxysmal  hemoglobinuria 
in  which  bloody  urine  is  voided  from  time  to  time,  the  attacks  being 
frequently  preceded  by  chills  and  fever,  so  as  closely  to  simulate 
malarial  fever.  Other  factors,  also,  notably  cold,  appear  to  be  con- 
cerned in  the  production  of  this  form. 

The  occasional  occurrence  of  hemoglobinuria  in  cases  of  Ray- 
naud's disease,  coincident  with  attacks  of  an  epileptiform  character, 
has  been  referred  to  in  the  chapter  on  the  Blood. 

Hemoglobinuria  has  been  observed  in  a  case  of  leukemia  com- 
plicated by  icterus. 

Finally,  an  epidemic  hemoglobinuria  has  been  described  as  occur- 
ring in  the  newborn  associated  with  jaundice,  cyanosis,  and  nervous 
symptoms;  of  its  causation  we  are  in  ignorance. 

While  hemoglobinuria  is  rather  uncommon,  hematuria  is  frequently 
observed,  and  will  be  considered  later  on,  as  its  recognition  is  not 
dependent  upon  the  demonstration  of  the  albuminous  body,  "  hemo- 
globin," alone  in  the  urine,  but  upon  the  presence  of  red  corpuscles, 
which  in  hemoglobinuria  are  either  absent  or  present  in  only  very 
small  numbers. 

LrrERATURE. — Hemoglobinuria:  Rosenbach,  Berlin,  klin.  Woch.,  1880,  vol. 
rvii,  pp.  132  and  151.  Ehrlich,  Zeit.  f.  klin.  Med.,  1881,  vol.  iii,  p.  383.  Boas, 
Arch.  f.  klin.  Med.,  1885,  vol.  xxxii,  p.  355.  Kobler  u.  Obermaver,  Zeit.  f.  klin. 
Med.,  1888,  vol.  xiii,  p.  163. 

FibrilL — ^The  occurrence  of  fibrin  in  the  urine  presupposes  the 
presence  of  fibrinogen  and  a  fibrinogenic  ferment.  It  is  seldom 
seen.  According  to  Neubauer  and  Vogel,  the  fibrin  may  occur 
either  as  coagulated  fibrin  or  in  solution.  In  the  former  condition 
it  is  at  times  observed  in  the  form  of  blood  coagula,  when  its  signifi- 
cance is  essentially  the  same  as  that  of  hematuria  in  general,  although 
it  must  be  remembered  that  the  usual  form  of  hematuria  is  not  asso- 
ciated with  the  presence  of  coagula.  Colorless  coagula  of  fibrin  are 
seen  in  cases  of  chyluria  or  diphtheritic  inflammation  of  the  urinary 
passages.  On  the  other  hand,  urines  containing  fibrinogenic  material 
in  solution  are  likewise  seen  but  rarely,  and  are  characterized  by  the 
fact  that  fibrinous  coagula  separate  out  only  on  standing,  when  they 
usually  cover  the  bottom  of  the  vessel;  but  at  times  they  may  change 
the  entire  bulk  of  urine  into  a  gelatinous  mass.  This  condition  like- 
wise is  essentially  observed  in  cases  of  chyluria,  but  may  possibly  also 
occur  in  association  with  nephritis.  Lostorfer^  has  report«l  an 
instance  of  this  kind,  in  which  fibrinous  coagulation  took  place  in  the 
clear  urine,  which  contained  much  albumin,  but  no  blood.     Post- 

»  Wien.  klin.  Woch.,  1903,  No.  7. 
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mortem  chronic  inflammatoiy  changes  and  amyloidosis  of  the  kidney 
were  found,  while  the  urinary  passages  proper  were  intact 

Nucleo-albuinm. — ^The  question  whether  or  not  nucleo-albumin  u 
a  normal  constituent  of  the  urine  is  still  under  dispute.  PenoDiI 
investigations  have  led  me  to  the  conclusin  that  with  complicated 
methods  and  laige  amounts  of  urine — ^from  5  to  25  liters— it  is 
always  possible  to  demonstrate  its  presence  both  under  physio- 
logical and  pathological  conditions.  With  the  usual  tests  and 
smaller  amounts  of  urine,  however,  negative  results  only  are  obtained 
in  strictly  normal  individuals.  According  to  my  experience,  tri- 
chloracetic acid,  with  which  Stewart*  claims  to  have  obtained  posi- 
tive results  in  every  one  of  the  150  normal  urines  which  he  ex- 
amined, does  not  precipitate  nucleo-albumin  when  this  is  present 
in  normal  amounts.  A  micleo-<Ubuminuria  recognizable  by  the  avail- 
able tests  does  not  exist  under  normal  conditions.  Even  under 
pathological  conditions  nucleo-albumin  is  by  no  means  always  found. 
Sarzin'  thus  was  unable  to  demonstrate  its  presence  in  200  cases  which 
he  examined  in  Senator's  clinic.  Citron'  arrived  at  similar  results, 
and  of  several  thousand  urines  which  I  have  examined  in  this  direc- 
tion positive  results  were  obtained  in  only  a  small  percentage  of  cases. 
It  is  essentially  met  with  in  diseases  which  directly  or  indirectly 
involve  the  integrity  of  the  epithelial  lining  of  the  uriniferous  tubules 
or  of  the  bladder.  It  has  thus  been  frequently  found  in  cases  of  acute 
nephritis  and  associated  with  febrile  albuminuria,  although  its  pres- 
ence even  then  is  not  constant.  In  chronic  nephritis  it  is  more  fre- 
quently absent  than  present.  In  cases  of  renal  hyperemia  and  cystitis 
the  results  are  variable.  In  32  icteric  urines  Obermayer*  obtained 
positive  results  without  exception,  and  it  appears  that  in  leu- 
kemia nucleo-albumin  is  also  quite  constantly  present.  During 
the  administration  of  pjrogallol,  naphtol,  corrosive  sublimate,  tar 
preparations,  arsenic,  etc.,  as  well  as  in  casccj  of  poisoning  with  aniline 
and  illuminating  gas,  large  amounts  of  the  substance  may  be  found. 

According  to  my  experience,  nucleo-albumin  is  frequently  ob- 
tained in  cases  of  so-called  functional  albuminuria,  and  it  is  not 
uncommon  to  find  that  this  is  still  present  when  serum  albumin 
and  serum  globulin  can  no  longer  be  demonstrated,  even  with  the 
trichloracetic  acid  test.  Nucleo-albuminuria  mav  thus  exist  inde- 
peiidently  of  the  presence  of  the  more  common  forms  of  albumin. 
This  observation  has  also  been  made  by  Stmuss,  who  found  nucleo- 
albumin  onlv  in  .several  cases  of  cystitis,  in  one  case  of  chronic  inter- 
stitial  nephritis,  and  in  one  case  of  emphysema  pulmonum  with  renal 
hyperemia. 

»  Med.  News,  1S94. 

-  rel)er  Nuclco-albuniinausscheidung,  Diss.,  Berlin,  1804. 

^  I'elxT  Mucin  im  llarn,  Diss.,  lierlln,  1886. 

*  Centrall)!.  f.  klin.  Med.,  1S92,  vol.  xiii,  p.  1. 
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The  existence  of  a  hematogenic  form  of  nucleo-albuminuria  has 
thus  far  not  been  satisfactorily  demonstrated.  It  has  been  assumed 
that  its  presence  indicates  increased  epithelial  desquamation  in  some 
portion  of  the  urinary  tract — ^in  other  words,  that  it  is  of  cellular 
origin.  Matsumoto,  however,  has  shown  that  even  though  a  urine 
containing  numerous  epithelial  casts,  renal  epithelial  cells,  and  leu- 
kocytes be  allowed  to  stand  for  some  time,  a  substance  which  can  be 
precipitated  with  acetic  acid  either  does  not  occur  at  all  or  only  in  very 
small  quantity.  He  has  rendered  it  very  probable  that  the  substance 
which  can  be  precipitated  from  pathological  urines  by  means  of  acetic 
acid  is  largely  fibrinogen  and  euglobulin.  He  adds  that  nucleo-albumin 
may  be  present  simultaneously,  but  in  comparison  to  the  other  two 
substances  it  is  of  secondary  importance  and  is  rarely  seen. 

Histon  and  Nadeohiston. — Kolisch  and  Burian^  were  able  to  dem- 
onstrate the  presence  of  histon  in  a  case  of  leukemia  in  which  it  was 
constantly  present.  More  recently  Krehl  and  Matthes'  claim  to 
have  isolated  the  same  substance  in  various  febrile  diseases,  such  as 
acute  peritonitis,  following  appendicitis,  in  croupous  pneumonia, 
erysipelas,  and  scarlatina.  It  is  an  albuminous  body,  and  was  first 
discovered  by  Kossel  in  the  red  blood  corpuscles  of  the  goose.  It 
exists  in  the  leukocytes  of  human  blood  in  combination  with  the  acid 
leukonuclein,  constituting  the  so-called  nucleohiston  of  Lilienfeld. 

It  is  not  clear  in  what  manner  the  histonuria  is  produced;  so  much, 
however,  seems  certain,  that  it  is  not  solely  dependent  upon  increased 
destruction  of  leukocytes. 

Nudeohiston  itself  has  been  found  in  the  urine  in  a  case  of  pseudo- 
leukemia, by  JoUes.' 

Tests  for  Albumin. — ^The  recognition  of  the  various  albuminous 
bodies  which  may  occur  in  the  urine  is  based  partly  upon  their  direct 
precipitation  and  partly  upon  color  reactions  when  treated  with  cer- 
tain reagents. 

The  number  of  tests  which  have  from  time  to  time  been  sug- 
gested is  large;  many  of  them  after  a  brief  period  of  use  have  been 
discarded  as  useless  or  uncertain,  while  others  have  been  employed 
only  occasionally,  and  ha\e  not  received  the  recognition  which  they 
deserve,  from  the  fact  that  simpler  tests  exist,  that  they  do  not  possess 
sufficient  delicacy,  or  that  in  some  instances  it  is  too  great.  In 
the  following  pages  no  attempt  is  made  to  describe  all  of  these  tests, 
and  attention  will  be  directed  only  to  those  which  are  generally  used, 
and  which  clinical  experience  has  proved  to  be  of  value,  precedence 
being  given  to  those  which  have  been  longest  in  use.    While  some  of 

*  "Ueber  d.   £iweisskdrper  d.  leukamischen  Hams,"  etc.,  Zeit.  f.  klin.  Med., 
vol.  xxix,  p.  374. 

'  "Ueber  febrile  Albumosurie,"  Deutsch.  Arch.  f.  klin.  Med.,  vol.  liv,  p.  508. 

•  Ber   d.  deutsch.  chem.  Gesellsch.,  vol.  xxx,  p.  172;  Zeit.  f.  klin.  Med.,  vol. 
zzxiv,  p.  53. 
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these  are  applicable  for  demonstrating  the  presence  of  more  than  one 
form  of  albumin,  special  tests  will  also  be  described  wfaerebv  the 
various  albumins  may  be  individually  recognized. 

In  every  case  the  urine  should  be  carefully  filtered,  so  as  to  free 
it  from  any  morphological  elements,  etc.,  present.  To  this  end,  it 
is  generally  sufficient  to  pass  the  urine  through  one  or  two  layers 
of  Swedish  filter  paper.  Frequently,  however,  a  clear  specimen 
cannot  be  obtained  in  this  manner;  it  is  then  advisable  to  shake  the 
urine  with  burnt  magnesia  or  talcum,  or  to  mix  it  with  scraps  of 
filter  paper,  when  it  Is  filtered  as  usual. 

Tests  for  Serum  Albumin.  The  Nitric  Acid  Test*  (Plate  XMIl). 
— ^The  value  of  this  test,  properly  applied,  cannot  be  OYerestimateii, 
as  it  is  not  only  simple,  but  yields  an  amount  of  information  that  can 
otherwise  be  gained  only  with  difficulty.  Usually  the  student  Is 
advised  to  make  use  of  a  test-tube  partially  filled  with  urine,  along 
the  sides  of  which  concentrated,  chemically  pure  nitric  acid  is  allowed 
to  flow,  so  as  to  form  a  layer  at  the  bottom  of  the  tube,  when  in  the 
presence  of  serum  albumin  a  distinct  white  ring  appears  at  the  zc»ie 
of  contact  between  the  two  liquids  (Heller's  test).  The  pictures  thus 
obtained  cannot  be  compared,  however,  with  those  seen  when  the 
apparently  trivial  change  is  made  of  using  a  conical  glass  of  alx>ut  2 
ounces  capacity  instead  of  the  test-tube.  About  20  c.c.  of  urine  are 
placed  in  the  glass,  when  6  to  10  c.c.  of  nitric  acid  are  added  by  inclin- 
ing the  glass  and  allowing  the  nitric  acid  to  flow  down  the  sides. 
When  this  is  carefullv  done  the  nitric  acid  forms  a  distinct  zone 
beneath  tlie  urine.  In  the  presence  of  albumin  the  white  ring  then 
appears,  and  varies  in  extent  and  intensity  with  the  amount  of 
albumin  present.  If  now  tlie  contents  of  the  glass  are  allowed 
to  stand  undisturbed — and  if  small  amounts  are  present,  the  albumin 
apf^ars  on  standing  for  a  few  minutes — it  will  be  obser\'ed  that  the 
cloudiness  gradually  extends  upward;  and  if  much  albumin  is  present, 
it  may  be  seen  to  rise  into  the  supernatant  licjuid  in  the  form  of  small 
irregular  columns.  This  appearance  is  possibly  referable  to  the 
dec()nij)osition  of  uric  acid  by  means  of  nitric  acid,  nitrogen  and 
carl)()n  dioxide  being  set  free,  which,  rising  to  the  surface  in  the 
form  of  small  bubbles,  carry  the  nitric  acid  upward;  coming  into 
contact  with  albumin  in  solution,  this  is  then  precipitated. 

In  practically  every  urine  on  standing  for  a  few  minute^s,  a  fine 
ring  appears  in  the  clear  urine  above  or  separated  from  the  albuminous 
ring  by  a  distinct  dear  layer  of  urine  (Plate  XVIII).  This  rinij 
has  been  generally  ascribed  to  tlie  presence  of  urates  and  in  certain 
hospitals  of  Paris  it  was  long  customary  to  gauge  the  amount  of  uric 
acid  by  the  rapidity  with  whicli  it  fonns  and  its  extent.  For  years 
I  regardeil  this  as  an  estabhslied  fact,  but  I  have  convinced  myself 

*  J.  F.  Heller,  Areh.  f.  physiol.  u.  path.  Cliem.  u.  Micros..  1S52,  vol.  v.  p.  169. 
.\.  Uobin,  Urologie  cliiiique  de  la  li6vrc  typhoide,  Paris,  1877. 
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that  no  relation  exists  between  this  phenomenon  and  the  amount  of 
uric  acid,  as  determined  by  one  of  the  standard  methods.  Morner 
has  expressed  the  opinion  that  the  ring  in  question  is  not  referable  to 
urates  at  all,  but  is  of  a  special  albiiminous  character.  Further 
researches  in  th  s  direction  are  needed.  Usually  the  ring  is  fine  and 
delicate,  but  at  times  the  substance  is  present  in  large  amounts  and 
may  simulate  common  albiunin,  by  rapidly  extending  downward. 
Its  clinical  significance  is  not  understood. 

Should  more  than  25  grams  of  urea  be  contained  in  a  liter  of  the 
urine,  an  appearance  like  hoarfrost  will  be  noted  on  the  sides  of  the 
vessel,  which  is  due  to  the  formation  of  urea  nitrate.  Spangles  of 
the  same  substance  appear  only  in  the  presence  of  at  least  45  grams; 
and  if  50  grams  or  more  of  urea  are  contained  in  the  liter,  a  dense 
mass  of  urea  ni  rate  may  be  seen  to  separate  out. 

Biliary  urine,  when  treated  with  nitric  acid  containing  a  little 
nitrous  acid,  shows  the  color  play  referable  to  the  action  of  nitric 
acid  upon  bilirubin.  The  production  of  the  colors  (red,  yellow, 
green,  blue,  and  violet)  takes  place  from  above  downward,  the  green 
color  being  the  most  characteristic;  in  the  absence  of  the  latter  the 
presence  of  biliary  pigment  may  be  positively  excluded.  The  presence 
of  albumin  does  not  interfere,  as  the  color  play  takes  place  beneath 
the  albimiinous  disk. 

In  normal  urine  a  transparent  ring  is  also  obtained,  presenting  a 
peach-blossom  red;  the  intensity  of  this  may  vary,  however,  from  a 
faint  rose  to  a  pronounced  brick  color,  and  is  referable  to  normal 
urinary  pigment.  In  the  presence  of  urobilin,  on  the  other  hand, 
this  ring  presents  a  distinct  mahogany  color. 

Indican  is  indicated  by  the  appearance  of  a  violet  ring  situated 
above  that  referable  to  the  normal  urinary  pigment.  Its  intensity 
varies  with  the  amount  present,  from  a  light  blue  to  a  deep  indigo. 

The  albiunin  ring  at  the  zone  of  contact  of  the  two  fluids  may  be 
referable  not  only  to  the  presence  of  serum  albumin,  but  also  of 
globulin  and  albumoses,  while  a  negative  reaction  indicates  the 
absence  of  these  bodies.  Should  the  precipitate  caused  by  nitric 
acid  consist  of  albumoses,  it  will  clear  up  more  or  less,  to  reappear 
on  cooling,  the  fluid  at  the  same  time  assuming  a  markedly  yellow 
color.  The  occurrence  of  a  distinctly  yellow  color  in  the  urine, 
moreover,  which  is  only  partially  cleared  upon  the  application  of 
heat  (and  be  it  remembered  that  a  much  higher  temperature  is 
necessary  for  the  solution  of  a  precipitate  referable  to  albiunoses 
than  of  one  due  to  urates),  will  indicate  the  existence  of  a  mixed 
albuminuria — i.  e.,  the  presence  of  coagulable  albumin  and  albumoses. 

Nitric  acid  may  also  cause  a  precipitation  of  certain  resinous  bodies, 
such  as  those  contained  in  turpentine,  balsam  of  copaiba  and  tolu,  etc. 
If  any  doubt  is  felt,  the  mixture  should  be  shaken  with  alcohol, 
when  the  precipitate  caused  by  these  substances  is  at  once  dissolved. 
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Nucleo-albumin,  which  is  at  times  found  in  the  urine,  is  also  pre* 
cipitated  by  nitric  acid,  but  need  not  occupy  our  at  ention  at  this 
place.  From  what  has  been  said,  it  is  manifest  that  the  employmttd 
of  the  nitric  acid  test  in  the  manner  indicated  furnishes  much  vdueik 
information,  and  the  adoption  of  the  method  as  described  not  Ofdg  by 
hospital  students,  but  by  general  practitioners  as  well,  cannot  he  too 
strongly  urged. 

Boiling  Test. — ^A  few  cubic  centimeters  of  urine  are  boiled  in  a 
test-tube  and  then  treated  with  a  few  drops  of  concentrated  nitric  acid, 
no  matter  whether  a  precipitate  has  occurred  upon  boiling  or  not 
If  albumin  is  present,  this  will  separate  out  as  a  fl&ky  precipitate, 
which   consists  of  serum  albumin   frequently  mixed   with  serum- 
globulin.     It  is  true  that  albuminous  urines  will  generally  yidd  a 
precipitate  on  boiling  alone;  but  it  must  be  remembered  that  unless 
the  reaction  is  decidedly  acid  a  precipitation  of    normal   calcium 
phosphate  may  occur,  owing  to  the  fact  that  the  reaction  of  the  urine 
upon  boiling  becomes  less  acid  from  the  escape  of  carbonic  acid  held 
in  solution.     In  urines  presenting  an  alkaline  or  amphoteric  reac- 
tion this  is  very  frequently  noted,  and  might  give  rise  to  confusion, 
as  the  precipitate  due  to  calcium  phosphate  closely  resembles  that 
referable  to  albumin.     In  an  alkaline  medium,  moreover,  albumin 
may  not  be  precipitated  at  all  on  boiling.    Care  must  hence  be  taken 
to  ensure  a  distinctly  acid  reaction,  which  is  best  accomplished  by  the 
addition  of  nitric  acid,  when  a  precipitate  referable  to  phosphates  is  at 
once  dissolved,  while  one  due  to  albumin  remains,  and  may  even 
become  more  marked.     The  quantity  to  be  added  should  usually  be 
equivalent  to  about  0.05  to  0.1  per  cent,  of  the  volume  of  the  urine. 
Under  no  condition  should  the  acid  be  added  before  boiling,  nor  should 
the  urine  be  boiled  after  its  addition,  as  small  amounts  of  albumin  will 
otherwise  be  overlooked,  owing  to  the  fact  that  hot  nitric  acid  dis- 
solves the  precipitate  to  a  certain  degree.     If,  after  the  addition  of 
the  nitric  acid  the  urine  turns  a  distinct  yellow,  and  if  then  upon 
cooling  a  white  precipitate  appears,  the  presence  of  albumoses  may 
be  inferred.     Uric  acid  will  cause  no  confusion,  as  this  separates  out 
only  u{)on  cooling,  and  then  presents  a  dark-brown  color.     As  m  the 
case  of  the  nitric  acid  test,  so  also  here,  a  precipitation  of  certain 
resins  is  noted  at  times  which  may  be  recognized  by  their  solubility 
in  alcohol.     Albumoses  are  also  precipitiited  upon  the  application  of 
heat,  but  such  precipitates   again   dissolve  when    the  temperature 
approaches  the  boiling  point. 

Should  acetic  acid  be  used  instead  of  nitric  acid,  great  care  must 
be  taken  to  avoid  an  excess,  as  otherwise  the  albumin  will  be  dis- 
solved. As  this  danger  diminishes  the  greater  the  quantity  of  salts 
contained  in  the  urine,  it  is  advisable  to  treat  the  urine  first  with  a 
few  drops  of  acetic  acid  until  a  distmctly  acid  reaction  is  obtained, 
and  then  to  add  one-sixth  its  volume  of   a  saturated  solution  of 
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lodium  chloride,  magnesium  sulphate,  or  sodium  sulphate,  when 
ipon  boiling  a  precipitation  of  the  albumin  will  occur.  Carried 
mt  in  this  manner,  the  test  is  absolutely  certain  and  will  demon- 
(tiate  even  minimal  amounts  of  albumin.  If  an  equal  volmne  of 
i  saturated  solution  of  conmion  salt  is  added  to  the  acidified  urine, 
dbumoses  are  also  precipitated,  but  the  precipitate  dissolves  on 
x>iling. 

The  Potassium  FERROCYANroE  Test. — ^A  few  cubic  centimeters 
>f  urine  are  strongly  acidified  with  acetic  acid  (sp.  gr.  1.064)  and 
leated  with  a  few  drops  of  a  10  per  cent,  solution  of  potassium 
errocyanide,  when,  in  the  presence  of  but  little  albumin,  a  faint 
urbidity,  or,  if  much  albumin  b  present,  a  flaky  precipitate,  is 
loted,  which  is  best  recognized  by  comparison  with  a  tube  contain- 
ng  some  of  the  pure  filtered  urine,  both  tubes  being  held  against 
I  black  background,  v.  Jaksch  advises  the  careful  addition,  by 
Deans  of  a  pipette,  of  a  few  cubic  centimeters  of  fairly  concentrated 
icetic  acid,  to  which  a  little  potassium  ferrocyanide  has  been  added, 
^hen  the  albumin,  as  in  Heller's  test,  is  seen  to  form  a  ring  at  the  zone 
)i  contact  between  the  two  fluids.  Instead  of  potassium  ferrocyanide, 
x>tassium  platinocyanide  may  also  be  employed,  and  has  theadvan- 
age  that  the  test  solution  is  colorless.  Concentrated  urines  should 
)e  previously  diluted  with  water.  The  presence  of  albumoses  may 
>e  inferred  if  the  precipitate  disappears  upon  boiling,  while  a  partial 
learing  up  indicates  the  combined  presence  of  albumoses  and  coag- 
liable  albumin. 

At  times  the  addition  of  acetic  acid  by  itself  is  followed  by  the 
ippearance  of  a  cloud  in  the  urine,  which  may  be  due  to  urates  or 
o  urinary  mucin  (nucleo-albumin),  as  already  mentioned.  In  such 
ases  the  urine  should  be  refiltered,  diluted  with  water,  and  the  test 
igain  applied;  nucleo-albumin  will  dissolve  in  an  excess  of  the  acid. 

The  Trichloracetic  Acid  Test.^ — ^This  test  is  undoubtedly 
he  most  delicate  of  those  so  far  described,  but  not  so  delicate  that 
k  trace  of  albuniin  or  nucleo-albumin  can  be  demonstrated  in  every 
uine.  An  experience  based  upon  the  examination  of  several  thou- 
and  urines  with  this  reagent  warrants  my  speaking  with  a  certain 
legree  of  confidence  upon  the  subject.  Very  frequently  it  is  pos- 
ible  with  this  method  to  demonstrate  albumin  in  urines  in  which 
he  more  common  tests  yield  negative  results,  but  in  which  tube 
'2ls\s  may  nevertheless  be  found  upon  microscopic  examination. 
rhe  test  is  applied  as  follows:  By  means  of  a  pipette  1  or  2  c.c.  of 
n  aqueous  solution  of  the  reagent  (sp.  gr.  1.147)  are  carried  to  the 
K>ttom  of  a  test-tube  containing  the  carefully  filtered  urine,  so  as  to 
orm  a  layer  beneath  the  urine.  In  the  presence  of  albumin  a  white 
ing  will  be  seen  to  form  at  the  zone  of  contact  between  the  two  fluids, 

^  F.  Obennayer,  Wien.  med.  Jahibuch,  1888,  p.  375.  D.  M.  Reese,  Johns 
lopkins  Hosp.  Bull.,  1890. 
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varying  in  intensity  with  the  amount  of  albumin  present  So  far  as 
the  test  for  albumin  is  concerned,  this  reagent  possesses  an  advantage 
over  nitric  acid  in  that  the  colored  rings,  which  are  so  confuang 
to  the  inexperienced,  are  conmionly  not  observed.  Serum  albumin, 
serum  globulin,  and  albiunoses  are  precipitated,  the  presence  of  the 
latter  being  recognized,  as  in  the  previous  tests,  by  the  fact  that  the 
precipitate  disappears  upon  boiling  and  reappears  on  cooling.  A 
cloud,  referable  to  uric  acid  ( ?),  also  appears  if  this  is  present  in  exces- 
sive amounts,  but  disappears  upon  the  application  of  gentle  heat. 
A  previous  dilution  of  the  urine,  moreover,  guards  against  its  occur- 
rence. 

Other  tests  have  also  been  suggested  for  the  detection  of  albumin 
in  the  urine,  such  as  the  metaphosphoric  acid  test,  the  phenol,  tannic 
acid,  and  picric  acid  tests,  that  with  Tanret's  reagent,  phospho- 
tungstic  and  phosphomolybdic  acids,  Spiegler's  reagent,  etc. 

Of  these,  only  the  picric  acid  and  Spiegler's  test  will  be  considered. 

Picric  Acid  Test. — ^The  picric  acid  test  is  not  applicable  as  a 
test  for  albumin  as  such,  and  is  mentioned  in  this  connection  onl? 
because  the  same  reagent  is  employed  with  Esbach's  quantitative 
method.  It  is  composed  of  10  grams  of  picric  acid  and  20  grams 
of  crystallized  citric  acid,  dissolved  in  a  liter  of  distilled  water.  If  to 
this  solution  albuminous  urine  is  added,  the  mixture  is  rendered 
turbid,  and  after  some  time  a  sediment  which  consists  not  onlv  of 
albumins,  but  also  of  uric  acid,  kreatinin,  and  other  extractives,  will 
form  at  the  bottom  of  the  tube.  (See  Quantitative  Estimation  of 
Albumin.) 

Spiegler's  Test*  (Jolles'  Modification).— The  reagent  consists 
of  10  grams  of  mercuric  chloride,  20  grams  of  succinic  acid,  and  20 
grams  of  sodium  chloride,  dissolved  in  500  c.c.  of  distilled  water. 
The  urine  is  acidified  to  the  extent  of  5  c.c.  with  1  c.c.  of  dilute 
acetic  acid  (30  per  cent.),  then  superimposed  by  means  of  a  pipette 
upon  4  to  5  c.c.  of  the  reagent  when  in  the  presence  of  albumin  a 
distinct  white  ring  appears  at  the  zone  of  contact.  On  warming,  the 
precipitate  does  not  disappear.  As  mucin  is  precipitated  by  the 
acid,  it  is  well  in  doubtful  cases  to  use  for  comparison  5  c.c.  of  the 
acidified  urine,  diluted  with  4  to  5  c.c.  of  water.  Albumoses  and 
nucleo-albumin  are  also  thrown  down,  and  in  the  presence  of  iodides 
mercuric  iodide  is  precipitated;  the  latter  is  soluble  in  alcohol. 

Special  Test  for  Serum  Albumin. — Should  it  be  desired,  for 
any  reason,  to  demonstrate  serum  albumin  alone,  the  urine  is  ren- 
dered amphoteric  or  faintly  alkaline  with  sodium  hydrate,  and  is  then 
saturated  with  magnesium  sulphate  in  substance,  in  order  to  remove 
any  globulin.  The  filtrate  is  rendered  distinctly  acid  with  acetic  acid, 
when  a  flaky  precipitate,  appearing  upon  boiling,  will  indicate  the 
presence  of  serum  albumin. 

1  Wien.  klin.  Woch.,  1892.  vol.  v,  p.  26. 
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Patein's  albumin  diflFers  from  the  common  serum  albumin  in  being 
soluble  in  acetic  acid.^ 

Very  often,  as  in  the  examination  for  sugar,  it  is  necessary  to 
remove  any  coagulable  albumin  that  may  be  present,  to  which  end 
the  urine  is  rendered  distinctly  acid  with  acetic  acid  and  boiled.  An 
examination  of  the  filtrate  with  potassium  ferrocyanide,  if  the  amount 
of  acetic  acid  added  was  just  suflScient,  will  then  yield  a  negative 
result. 

Qaantitative  Estimation  of  Albumin. — ^For  the  quantitative  esti- 

nation  of  albumin  a  large  number  of  methods  have  been  devised, 
nrhich  fact  in  itself  is  suflScient  to  indicate  that  the  majority  of  them, 
it  least,  are  unsatisfactory. 

Old  Method  by  Boiling. — If  comparative  results  only  are  desired, 
i  definite  amount  of  urine  is  boiled  after  acidifying  with  acetic 
icid;  the  albumin  is  allowed  to  settle  for  twenty-four  hours.  For 
this  purpose  Neubauer  suggests  the  use  of  glass  tubes  measuring  one- 
lialf  to  three-quarters  of  an  inch  in  diameter,  which  are  closed  at  the 
lower  end  with  a  cork.  Ordinary  test-tubes  answer  perfectly  well, 
but  care  should  be  taken  that  the  same  quantity  of 
urine  is  used  in  each  case.  The  tubes  are  corked 
gind  kept  for  several  days  for  comparison.  The 
results,  of  course,  express  only  the  relative  amount 
3f  albumin  present,  and  it  should  be  remembered 
that  the  error  incurred  may  amount  to  as  much  as 
30  or  even  50  per  cent,  of  the  quantity  that  is  found 
by  gravimetric  analysis.  This  is  owing  to  the  fact 
that  sometimes  the  albumin  separates  out  in  large 
Bakes,  and  at  other  times  in  small  flakes,  and  that 
the  degree  of  precipitation  is  also  influenced  by  the 
specific  gravity  of  the  supernatant  urine. 

Esbach's  Method.' — ^The  reagent  is  composed  of 
10  grams  of  picric  acid  and  20  grams  of  citric  acid, 
dissolved  in  1000  c.c.  of  distilled  water.  Special 
tubes,  termed  albuminimeters  (Fig.  147),  are  era- 
ployed,  which  bear  two  marks,  one,  U,  indicating 
the  point  to  which  urine  must  be  added,  and  one, 
B,  the  point  to  which  the  reagent  is  added.  The 
lower  portion  of  the  tube  up  to  U  bears  a  scale  read- 
ing from  1  to  7,  corresponding  to  the  amount  of 
albumin  pro  mille.  The  tube  is  filled  to  U  with  the 
filtered  albuminous  urine,  and  the  reagent  added  until  the  point  R  is 
reached.  The  tube  is  closed  with  a  stopper,  inverted  twelve  times, 
and  set  aside  for  twenty-four  hours. 

*  Patein,  "  Acetosoluble  Albumin  in  the  Urine,"  Compt.-rend.  de  TAcad.  des 
9ci.,  1889.     Coplin,  Phila.  Med.  Jour..  1899,  p.  957. 

'  Guttmann,  Berlin,  klin.  Woch.,  1886,  vol.  xxiii,  p.  117. 


Fio.  147.— Esbach's 
albuminimeter. 
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At  the  expiration  of  this  time  serum  albumin,  serum  globulin,  and 
albumoses,  as  well  as  uric  acid  and  kreatinin,  will  have  settled,  when 
the  amount  pro  mille  in  grams  may  be  read  off  from  the  scale.   A 
few  precautions  must  be  observed  in  order  to  obtain  as  accurate 
results  as  possible.     The  reaction  of  the  urine  should  be  acid,  and 
if  this  is  not  the  case  acetic  acid  is  added.     Its  specific  gravity  should 
not  exceed  1.006  or  1.008,  the  proper  density  being  obtained  by  dilut- 
ing ^ith  water.     The  amount  of  albumin  in  the  specimen  should 
not  exceed  0.4  per  cent. ;  if  more  be  present,  as  determined  by  a  pre- 
liminary test,  the  urine  should  be  diluted.     Most  important,  further- 
more, is  the  temperature  of  the  room.     This  should  be  15°  C;  \'aria- 
tions  from  this  point  are  apt  to  give  rise  to  inaccurate  results,  which, 
according  to  Christensen,  may  amount  to  100  per  cent,  in  the  case 
of  a  deviation  of  only  5*^  C,     It  is  thus  clear  that  as  generally  em- 
ployed in  the  clinical  laboratory  the  method  will  only  give  approxi- 
mate results. 

Gravimetric  Method. — If  accuracy  is  required  the  amount  of  albu- 
min must  be  determined  gravimetrically  as  follows:  A  certain  quan- 
tity of  urine,  after  having  been  acidified  with  an  amount  of  acetic 
acid  sufficient  to  ensure  complete  precipitation  of  all  albumin,  is 
boiled;  the  albumin  is  then  filtered  off,  dried,  and  weighed.  For  this 
purpose,  500  to  1000  c.c.  of  filtered  urine  should  be  available.  A 
specimen  of  this,  if  already  acid,  is  placed  in  a  test-tube,  in  boiling 
water,  until  coagulation  takes  place,  when  it  is  further  heated  over 
the  free  flame  and  filtered.  The  filtrate  is  tested  with  acetic  acid 
and  potassium  ferrocyanide.  Should  no  albumin  be  thus  demon- 
strable, the  entire  amount  of  urine  is  treated  in  the  same  manner, 
and  requires  no  further  addition  of  acetic  acid.  If,  however,  the 
test  yields  a  positive  result,  it  is  apparent  that  the  urine  was  not 
sufficiently  acid.  The  entire  volume  is  then  treated  with  a  30  to 
50  per  cent,  solution  of  acetic  acid,  drop  by  drop,  the  mixture 
being  thoroughly  stirred  and  specimens  tested  from  time  to  time,  as 

described.     When,  finally,  the  urine  remains  clear  or  shows  only  a 

...  .  • 

faint  turbidity,  100  c.c.  or  less,  according  to  the  amount  of  albumin 

present,  are  first  heated  in  boiling  water  until  the  albumin  begins  to 

separate  out  in  flakes,  and  then  brought  to  the  boiUng  point  over 

the  free  flame.     The  supernatant  urine  is  decanted  through  a  filter, 

which  has  been  previously  dried  at  120°  to  130°  C.  and  accurately 

weighed,  when  the  whole  amount  of  the  precipitate  is  brought  upon 

the  filter.     Any  albumin  remaining  in  the  beaker  is  detached  from 

its  sides  by  means  of  a  glass  rod  tipped  with  a  piece  of  rubber  tubing, 

and  colleeteil  by  the  aid  of  hot  water.     The  entire  precipitate  b 

thoroughly  washed  with  hot  water  until  the  washings    no  longer 

become  turbid  when  tre^ited  with  a  drop  of  nitric   acid  and  silver 

nitrate;  in  other  words,  until  the  chlorides  have  been  removed.     The 

precipitate  is  further  washed  with  alcohol  and  finally  with  ether  to 
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remove  any  fats  that  may  be  present,  when  it  is  dried  at  120*^  to  130*^ 
C.  to  a  constant  weight.  If  still  greater  accuracy  is  required,  the 
dried  and  weighed  precipitate  is  incinerated  to  determine  the  amount 
of  mineral  ash  in  combination  with  the  albmnin,  which  is  then  de- 
ducted from  the  total  weight.  The  most  accurate  results  are  obtained 
M  not  more  than  0.2  to  0.3  gram  of  albumin  is  contained  in  the  amount 
of  urine  employed.  A  smaller  quantity  than  100  c.c.  should  hence 
be  used  if  a  previous  test  with  Esbach's  albuminimeter  shows  a  higher 
percentage. 

A  glass-wool  filter  ensures  a  more  rapid  process  of  drying — twenty- 
four  to  thirty  hours;  but  care  must  be  had  that  this  is  properly  pre- 
pared, so  as  to  guard  against  a  loss  of  the  wool  while  washing. 

Method  of  Centrifugation. — ^This  presupposes  a  constant  speed, 
and  hence  an  electrical  centrifuge  is  a  prerequisite,  which  is  an 
objection  to  the  general  adoption  of  the  method.  Approximative 
results  only  are  obtained. 

Test  for  Semm  Olobulin  and  its  Quantitative  Estimation.— To 

test  for  serum-globulin  the  urine  is  rendered  alkaline  by  the  addition  of 
ammonium  hydrate,  any  phosphates  that  may  thus  be  thrown  down 
being  filtered  off  on  standing.  The  urine  is  then  treated  with  an 
equal  volume  of  a  saturated  solution  of  ammonium  sulphate,  when 
the  occurrence  of  a  precipitate  will  indicate  the  presence  of  globulins. 
Anmionium  urate  may  likewise  separate  out,  but  this  occurs  later. 

According  to  Paton,  the  following  test  may  also  be  employed :  The 
urine  after  having  been  rendered  alkaline  with  sodium  hydrate — 
any  phosphates  which  may  separate  out  are  filtered  off — ^is  carefully 
poured  down  the  side  of  a  test-tube  containing  a  saturated  solu- 
tion of  sodium  sulphate,  so  as  to  form  a  layer  above  this,  when  in 
the  presence  of  serum  globulin  a  white  ring  will  appear  at  the  zone 
of  contact. 

If  a  quantitative  estimaiion  of  the  globulin  is  to  be  made,  the  pre- 
cipitate thus  obtained,  after  about  one  hour's  standing,  is  collected 
on  a  dried  and  weighed  filter,  and  washed  thoroughly  with  a  one- 
half  saturated  solution  of  ammonium  sulphate  until  a  specimen 
of  the  washings  treated  with  acetic  acid  and  potassium  ferrocy- 
anide  no  longer  gives  a  precipitate.  It  is  then  treated  as  directed 
in  the  method  employed  for  the  quantitative  estimation  of  serum 
albmnin. 

Tests  for  Albomoses. — ^A  small  amount  of  urine  is  strongly  acidi- 
fied with  acetic  acid  and  treated  with  an  equal  volume  of  a  saturated 
solution  of  common  salt.  In  the  presence  of  albiunoses  a  precipitate 
occurs,  which  dissolves  on  boiling  and  reappears  on  cooling.  If 
serum  albumin  also  be  present,  which  is  usually  the  case,  the  hot 
liquid  must  be  filtered.  The  albumoses  are  found  in  the  filtrate  and 
appear  on  cooling.  If  the  hot  filtrate,  moreover,  is  rendered  strongly 
alkaline  with  a  solution  of  sodium  hydrate,  a  red  color  develops  upon 
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the  addition  of  a  very  dilute  solution  of  cupric  sulphate  (1  to  2  per 
cent.),  added  drop  by  drop  (biuret  reaction).  On  boiling  with 
Millon's  reagent  a  red  color  is  also  obtained.  This  reagent  is  prepared 
by  dissolving  1  part  of  mercury  in  2  parts  of  nitric  acid  of  a  specific 
gravity  of  1.42,  and  diluting  with  2  volumes  of  distilled  water. 

Bang's    Method. — 10    c.c.    of    urine    are  heated    in  a  test-tube 
with  8  grams  of  finely  powdered  anmionium  sulphate  until  the  salt 
has  been  dissolved;  the  fluid  is  then  boiled  for  a  moment.    The 
hot  fluid  is  centrifugated  for  one-half  to  one  minute,  the  supernatant 
fluid  poured  off,  and  the  sediment  stirred  with  alcohol  in  an  agate 
mortar.    The  alcohol  is  poured  off,  and  the  residue  dissolved  in  a 
little  water;  the  solution  is  boiled  and  filtered,  and  the  filtrate  tested 
with  sodium  hydrate  solution  and  cupric  sulphate  as  described  above. 
Should  the  urine  be  rich  in  urobilin — L  e.,  manifesting  a  well-marked 
fluorescence  with  zinc  chloride  and  anmtionia — ^it  is  best  to  extract 
the  final  aqueous  solution  with  chloroform  by  shaking,  and  to  pour 
off  the  supernatant  fluid,  when  this  is  tested  with  cupric  sulphate. 
In  this  manner  it  is  possible  to  demonstrate  the  presence  of  albu- 
moses  in  a  dilution  of  1  in  4000  to  5000.     Other  constituents  of  the 
urine,  with  the  exception  of  hematoporphyrin,  do  not  interfere  with 
the  test.    Should  hematoporphyrin  be  present,  however,  which  may 
be  suspected  if  a  red  alcoholic  extract  is  obtained,  the  urine  must 
first  be  precipitated  with  barium  chloride.    The  filtrate,  which  con- 
tains the  albumoses,  is  then  examined  as  described. 

If  a  centrifuge  is  not  available,  the  urine  is  boiled  with  the  ammo- 
nium sulphate,  when  a  portion  of  the  albumoses  will  remain  on  the 
sides  of  the  tube  as  a  stickv  mass.  This  is  washed  ^nth  alcohol, 
and  if  necessary  with  chloroform,  dissolved  in  water,  and  tested  for 
biuret. 

The  alcoholic  extract  may  also  be  used  for  testing  for  urobilin. 
To  this  end  it  is  only  necessary  to  add  a  few  drops  of  a  solution 
of  zinc  chloride,  when  in  the  presence  of  urobilin  a  beautiful  fluores- 
cence will  be  observed.     The  test  is  extremely  delicate.^ 

Examination  for  True  Peptone-  (Polypeptids). — To  demonstrate 
the  presence  of  true  peptone  (in  the  sense  of  KUhne)  in  the  urine, 
about  300  c.c.  of  filtered  acid  urine  are  saturated  on  a  water  bath 
with  ammonium  sulphate  at  a  temperature  between  60°  and  70°  C. 
On  cooling,  the  mixture  is  filtered,  the  filtrate  is  alkalinized  >^'ith 
a  dilute  solution  of  sodium  carbonate,  again  saturated  between  60° 
and  70°  C.  with  ammonium  sulphate,  filtered  on  cooling,  the  filtrate 
neutralized  with  very  dilute  acetic  acid,  again  saturated  with  the  salt 
between  40°  and  50°  C,  and  finally  again  filtered  on  cooHng.  The 
final  filtrate  is  diluted  with  an  equal  volume  of  distilled  water  and 

^   E.   Hung,   *'  Eine  ncuc  Methode  zum   Nachweis  d.   Albumosen  im  Harn, 
Deutsch.  ined.  Woch.,  1898,  p.  17. 
*  Ito,  loc.  cit 
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ited  with  a  freshly  prepared  solution  of  tannic  acid,  which  is 
led  drop  by  drop,  care  being  taken  to  avoid  an  excess.  The 
cipitate  is  filtered  off  the  next  day,  dried  in  the  desiccator  upon 
filter,  powdered,  and  covered  in  a  porcelain  crucible  with  a 
ill  amount  of  baryta-water  to  which  a  little  finely  powdered  baryta 
Ldded.  The  mixture  is  placed  on  a  boiling  water  bath  for  three 
lutes,  and  after  one  or  two  hours  it  is  filtered.  If  necessary,  the 
ition  is  decolorized  with  neutral  lead  acetate.  The  biuret  test 
inally  applied,  and  if  positive  indicates  the  presence  of  peptone 
the  sense  of  Kuhne. 

rests  for  Bence  Jones'  Albumin.— The  presence  of  Bence  Jones' 
umin  is  usually  discovered  on  slowly  heating  the  urine  to  the 
ling  point.  It  will  then  be  noted  that  at  a  temperature  of  from 
to  60*^  C.  a  more  or  less  intense,  milky  turbidity  develops,  which 
subsequent  boiling  either  disappears  entirely  or  partially,  and 
ppears  on  cooling.  The  degree  to  which  the  urine  clears  on 
ling  differs  in  different  cases.  As  I  have  just  stated,  the  turbid- 
may  disappear  entirely;  but,  on  the  other  hand,  urines  are  met 
h  in  which  even  a  partial  clearing  can  scarcely  be  made  out. 
is  is  apparently  dependent  upon  the  degree  of  acidity  of  the  urine, 
amount  of  mineral  salts  and  of  urea  present,  and  probably  also 
m  other  and  still  unknown  factors;  it  does  not  necessarily  indicate 
t  common  albumin  is  simultaneously  present. 
Jpon  the  addition  of  a  drop  of  nitric  acid  to  a  few  cubic  centi- 
ters  of  such  urine  a  temporary  turbidity  develops,  which  disap- 
,rs  on  shaking,  but  persists  if  a  little  more  of  the  acid  is  added, 
low  the  mixture  is  heated,  the  albumin  first  coagulates  to  a  dense 
ss;  on  boiling,  this  dissolves,  and  after  a  while  the  liquid  becomes 
lost  entirely  clear,  while  the  turbidity  returns,  as  before,  on  sub- 
uent  cooling:  Similar  reactions  are  obtained  with  all  the  conmtion 
gents  for  albumin. 

♦'or  its  complete  identification,  the  albumin  should  be  isolated 
1  further  examined  as  follows:  Large  amounts  of  urine  are  pre- 
itated  by  the  addition  of  one  and  one-half  to  two  volumes  of 
per  cent,  alcohol,  or  by  treating  with  two  volumes  of  a  saturated 
ition  of  ammonium  sulphate.  In  either  event  the  total  amount 
ilbumin  is  thrown  down.  This  is  then  washed  with  alcohol  and 
er,  and  dried  over  sulphuric  acid.  To  purify  the  substance  it  is 
solved  in  boiling  water,  by  the  aid  of  a  few  drops  of  a  dilute 
ition  of  sodium  carbonate,  and  dialyzed  to  running  and  then  to 
tilled  water  until  free  from  mineral  salts.  It  is  then  reprecipi- 
id  with  alcohol  (if  necessary,  after  the  addition  of  a  drop  or  two 
a  dilute  solution  of  hydrochloric  acid),  washed  with  absolute 
3hol  and  ether,  and  dried.  Thus  purified,  the  albumin  is  prac- 
lUy  insoluble  in  distilled  water  or  saline  solution  at  ordinary  tem- 
ature,  and  only  sparingly  so  at  the  boiling  point.     In  boiling 
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water,  however,  it  dissolves  with  comparative  ease  after  the  addi- 
tion of  a  few  drops  of  sodium  carbonate  solution.  On  neutralia- 
tion  no  precipitate  occurs  if  a  sufficient  amount  of  water  is  present 
If  such  a  neutral  solution  b  heated,  no  change  occurs;  but  if  it  is 
now  acidified  and  a  certain  amount  of  salt  added,  the  typical  reaction 
appears  on  heating,  viz.,  precipitation  between  5(P  and  60°  C.  (even 
between  40*^  and  50°  C.  if  a  sufficient  amount  of  salt  is  present), 
clearing  on  boiling,  and  reprecipitation  on  cooling. 

On  digestion  with  pepsin-hydrochloric  acid  a  proto-albumose  is 
obtained  among  the  early  products  of  digestion,  while  a  hetero- 
albumose  is  not  formed.     (See  Bence  Jones'  Albumin,  p.  456.) 

Boston's  suggestion  that  the  albumin  in  question  can  be  recognized 
from  its  higher  content  of  loosely  combined  sulphur,  by  quaUtative 
examination,  does  not  seem  to  the  writer  to  be  of  value. 

Test  for  Nucleo-albuinin. — It  has  been  generally  supposed  that 
the  substance  which  is  precipitated  on  adding  strong  acetic  acid 
to  certain  pathological  urines,  when  diluted  two  or  three  times  with 
water,  is  nucleo-albumin,  the  precipitate  being  soluble  or  largely  so 
in  an  excess  of  the  reagent.  Matsumoto,^  however,  has  recently 
pointed  out  that  the  substance  which  is  precipitated  in  this  manner 
is  largely  a  mixture  of  fibrinogen  (fibrinoglobulin)  and  euglobulin. 
Nucleo-albumin  may  be  present  at  the  same  time,  but  it  is  rare,  and 
its  quantity  in  comparison  to  the  two  albumins  mentioned  insignifi- 
cant. 

To  demonstrate  the  presence  of  nucleo-albumin,  it  is  necessary  to 
salt  out  the  albumins  with  ammonium  sulphate  (half  saturation  is 
sufficient),  and  then  to  ascertain  whether  any  precipitation  occurs 
within  the  limits  of  precipitation  of  nucleo-albumin.  ^latsumoto 
gives  these  as  0.1  to  0.8  (lower  limit)  and  1.6  and  2.2  (upper  limit). 
Its  limits  of  precipitation  are  the  lowest  of  the  kno^Ti  albumins.^ 

Whether  or  not  Otfs  test^  in  the  light  of  this  work  can  still  be 
relied  upon  as  a  test  for  the  demonstration  of  nucleo-albumin  may 
be  questioned.  It  is  conducted  as  follows:  A  few  cubic  centimeters 
of  urine  are  treated  with  an  equal  volume  of  a  saturated  solution  of 
common  salt,  when  Alm^n's  solution,  which  consists  of  5  grams 
of  tannic  acid,  10  c.c.  of  a  25  per  cent,  solution  of  acetic  acid,  and 
240  c.c.  of  40  to  50  per  cent,  alcohol,  is  slowly  added.  The  develop- 
ment of  a  precipitate  was  regarded  as  evidence  of  the  presence  of 
nucleo-albumin. 

In  order  to  remove  nucleo-albumin  from  the  urine,  this  is  treated 
with  neutral  lead  acetate,  an  excess  of  the  reagent  being  avoided. 

*  Ueber  d.  durch  Essipsaure  ausfiillbare  Eiweissubstanz  in  pathologischen 
Hanien,  Dcutsch.  Arch.,  1902,  vol.  xxv,  p.  398. 

*  Limit  of  preripitation  of  fibrinogen,  1.5  to  1.7  to  2.5  to  2.7;  of  fibrino- 
glol)ulin,  2.2  to  2.1);  of  euglobulin,  2.8  to  3.3;  of  pseudoglobulin,  3.4  to  4.6. 

^  Centralbl.  f.  inn.  Med.,  189.5,  vol.  xvi,  p.  38. 
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Test  for  Hemoglobin. — ^The  diagnosis  of  hemoglobinuria  is  based 
upon  the  demonstration  of  hemoglobin,  viz.,  methemoglobin,  in  the 
urine  in  solution,  in  the  absence  of  red  corpuscles,  or  at  least  in  the 
presence  of  only  a  very  small  niunber. 

Bloody  urine  is  generally  turbid,  and  may  vary  in  color  from  bright 
red  to  almost  black. 

Oxyhemoglobin,  as  such,  can  only  be  recognized  by  the  spectro- 
scope; it  gives  rise  to  the  appearance  of  two  bands  of  absorption, 
situated  between  D  and  E,  as  described  in  the  chapter  on  the 
Blood. 

The  urine  to  be  examined  spectroscopically  should  be  rendered 
feebly  acid  by  means  of  acetic  acid,  and  placed  before  the  open  slit 
of  the  spectroscope  in  a  test-tube,  beaker,  or  similar  vessel,  when  the 
two  bands  of  oxyhemoglobin  will  be  seen,  either  at  once  or  upon 
diluting  with  distilled  water.  If  anunonium  sulphide  is  added,  the 
spectrum  of  reduced  hemoglobin  will  be  obtained.  It  must  be 
remembered  that  more  conMnonly  the  spectrum  of  methemoglobin 
is  seen  in  cases  of  hemoglobinuria. 

The  following  tests,  which  will  also  indicate  the  presence  of  blood- 
coloring  matter,  cannot  be  employed  to  decide  the  nature  of  the 
pigment  present,  as  methemoglobin  and  oxyhemoglobin  will  both 
react  in  the  same  manner. 

Heller's  Test.^ — ^A  small  amount  of  the  urine,  or  still  better  a 
portion  of  the  sediment,  is  made  strongly  alkaline  with  sodium  hydrate 
and  boiled.  On  standing,  a  deposit  of  basic  phosphates  forms,  which 
in  the  presence  of  blood-coloring  matter  presents  a  bright-red  color. 
This  is  referable  to  the  formation  of  hemochromogen,  as  may  be 
shown  by  spectroscopic  examination.  Thus  controlled,  the  test  is 
extremely  sensitive,  and  still  yields  a  positive  result  when  the  chem- 
ical test  alone  leaves  one  in  doubt.^  The  deciding  band  is  the  first 
between  D  and  E.  Care  should  be  had,  however,  that  the  solution 
is  cold,  as  otherwise  the  hemochromogen  is  transformed  into  hematin 
in  alkaline  solution.  At  times,  when  the  urine  contains  a  large 
amount  of  coloring  matter  (bile  pigment,  etc.),  it  may  be  difficult  to 
determine  the  exact  color  of  the  sediment.  In  such  cases  the  sub- 
sequent examination  with  the  spectroscope — the  lensless  instrument 
of  Hering  or  that  of  Browning  suffices — is  invaluable.  In  the 
absence  of  such  apparatus  the  procedure  of  v.  Jaksch  may  be  em- 
ployed. To  this  end  the  phosphatic  deposit  is  filtered  off  and  dis- 
solved in  acetic  acid,  when  if  blood  pigment  is  present  the  solution 
becomes  red,  the  color  gradually  vanishing  upon  exposure  to  the  air. 
The  delicacy  of  the  test  is  such  that  oxyhemoglobin  can  still  be 
demonstrated  in  a  dilution  of  1  to  4000. 

»  Zeit.  d.  K.  K.  Gesellsch.  d.  Aerzte  zu  Wien,  1858,  No.  48. 
V.  Arnold,  Berlin,  klin.  Woch.,  1898.  p.  283. 
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Donogany's  Test.^ — ^About  10  c.c.  of  urine  are  treated  with  1 
c.c.  of  a  solution  of  ammonium  sulphide  and  the  same  amount  of 
pyridin,  when  in  the  presence  of  blood  a  more  or  less  intense  orange 
color  develops,  especially  if  looked  at  from  above,  against  a  white 
background.  In  doubtful  cases  the  examination  is  to  be  controlled 
by  a  spectroscopic  examination  of  the  resulting  mixture.  If  blood 
pigment  is  present,  the  spectrum  of  hemochromogen  is  obtamed. 
Should  the  anmionium  sulphide  and  pyridin  be  old,  a  green  or  brown 
color  is  imparted  to  the  urine,  which  changes  to  yellow  upon  the 
addition  of  ammonium  hydrate. 

Test  for  Fibrin. — ^Fibrin  usually  occurs  in  the  urine  in  the  fotm 
of  distinct  clots,  the  nature  of  which  may  be  determined  by  thor- 
oughly washing  with  water,  when  they  are  dissolved  by  boiling  in  a 
1  per  cent,  solution  of  soda  or  a  5  per  cent,  solution  of  hydrochloric 
acid.     On  cooling,  this  solution  is  tested  as  for  serum  albumin. 

Test  for  Histon. — The  urine  of  twenty-four  hours  is  first  examined 
for  albumin,  and  this  removed  if  present.  It  is  then  precipitated 
with  94  per  cent,  alcohol,  the  precipitate  washed  with  hot  alcohol 
and  dissolved  in  boiling  water.  Upon  cooling,  the  solution  thus 
obtained  is  acidified  with  hydrochloric  acid  and  allowed  to  stand  for 
several  hours.  During  this  time  a  cloudiness,  referable  to  a  large 
extent  to  uric  acid,  develops,  which  is  filtered  off,  and  the  filtrate  is 
precipitated  with  ammonia.  The  precipitate  is  collected  on  a  small 
filter  and  washed  with  ammoniacal  water  until  the  washings  no 
longer  give  the  biuret  reaction.  It  is  then  dissolved  in  dilute  acetic 
acid  and  the  solution  tested  with  the  biuret  test;  if  this  vields  a 
positive  result,  and  if  coagulation  occurs  upon  the  application  of 
heat,  the  coaguhim  being  soluble  in  mineral  acids,  the  presence  of 
histon  may  be  inferred. 

Carbohydrates . 

Glucose. — Through  the  researches  of  Wedenski,  v.  Udranszkv, 
and  others,^  we  know  that  traces  of  glucose  may  be  encountered  in 
the  urine  under  strictly  normal  conditions.  The  amount,  however, 
is  extremely  small,  and  special  methods  are  necessary  in  order  to 
demonstrate  its  presence.  With  the  usual  clinical  tests  normal  urine 
is  apparently  free  from  sugar  unless  unduly  large  amounts  have 
recently  been  ingested.  In  that  event  a  certain  amount  of  glucose 
is  eliminated  in  the  urine,  constituting  the  so-called  digestive  gluco- 
suria  of  Claude  Bernard.' 

*  ''Darstellung  d.  Ha^mochromogen  als  Reaction  auf  Blut/*  etc.,  Virchow's 
Archiv,  vol.  cxlviii,  p.  234. 

*  A.  Baumann,  Br.  d.  Deutsch.  chem.  Ges.,  1886,  vol.  xix,  p.  3218.  N, 
Wedenski,  Zeit.  f.  phvsiol.  (^hem.,  1889,  vol.  xiii,  p.  122.  K.  Bai««h.  ibid.,  18^, 
vol.  xviii,  p.  193,  and  1895,  vol.  xix,  p.  348. 

*  Compt.-rend.  de  I'Acad.  des  sci.,  1859,  vol.  xlviii,  p.  673 
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The  normal  limit  to  the  assimilation  of  glucose  on  the  part  of  the 
body  economy  is  subject  to  considerable  variation.  Some  observers 
thus  report  that  the  ingestion  of  such  large  amounts  as  200  and  250 
grams  does  not  lead  to  glucosuria,  while  others  have  found  sugar 
in  the  urine  after  the  administration  of  100  grams.  In  view  of 
the  possible  relation  existing  between  diabetes  and  a  lowered  limit 
to  the  assimilation  of  glucose  in  apparently  normal  individuals,  or  at 
least  in  persons  in  whose  urine  glucose  cannot  be  constantly  demon- 
strated, this  question  has  created  much  interest  within  the  last  few 
years  and  has  called  forth  a  large  amount  of  work.  The  major- 
ity of  investigators  are  now  in  accord  in  regarding  as  abnormal  a 
glucosuria  that  follows  the  ingestion  of  100  grams  of  chemically  pure 
glucose. 

The  method  usually  employed  in  order  to  ascertain  the  power  of 
assimilation  for  glucose  on  the  part  of  an  individual  is  the  following: 

The  patient  receives  100  grams  of  glucose,  in  substance,  dis- 
solved in  500  c.c.  of  water,  on  an  empty  stomach,  and  is  instructed 
to  pass  his  water  hourly  during  the  following  four  to  five  hours. 
During  this  time,  moreover,  no  food  is  to  be  taken.  The  individual 
specimens,  as  well  as  the  urine  which  has  been  passed  during  the 
night,  are  then  tested  with  Trommer's  and  Nylander's  tests,  with  the 
fermentation  test,  and  with  phenylhydrazin.  A  positive  result,  how- 
ever, is  recorded  only  when  sugar  can  be  demonstrated  with  the  fer- 
mentation test. 

Cane  sugar  and  larger  amounts  of  glucose  have  also  been  used ; 
but  it  is  better,  on  the  whole,  as  Strauss  has  pointed  out,  to  give 
glucose,  and  not  to  exceed  the  dose  of  100  grams. 

Especially  interesting  are  the  results  which  have  been  obtained  in 
various  diseases  of  the  liver,  to  which  organ  the  important  function 
of  preventing  an  undue  accumulation  of  sugar  in  the  blood  has  been 
repeatedly  ascribed.  Bierens  de  Haen^  thus  reports  that  of  29  cases 
of  various  hepatic  diseases  he  found  sugar  in  18  after  the  administra- 
tion of  150  grams  of  cane  sugar;  and  v.  Jaksch'  claims  to  have  ob- 
tained positive  results  in  15  cases  of  phosphorus  poisoning  out  of  43. 
Strauss,'  on  the  other  hand,  states  that  he  found  sugar  in  only  2  of  his 
38  cases,  and  has  collected  107  additional  cases  from  the  literature, 
in  only  14  of  which  could  sugar  be  demonstrated.  If  we  add  these 
together,  we  have  145  cases  of  various  hepatic  diseases,  with  negative 
results  in  88.9  per  cent.  Referring  to  the  contradictory  results 
obtained,  Strauss  points  out  that  these  may  have  been  accidental  in 
part,  but  that  the  interpretation  which  has  been  offered  by  v.  Jaksch 
and  de  Haen  may  not  have  been  correct.     It  is  thus  possible  that  in 

*  "Ueber  alimentare  Glycosurie  bei  I^eberkranken,"  Arch.  f.  Verdauungskrank., 
vol.  iv  p.  4. 


»  "Aiimentare  Glycosurie,"  Prag.  med.  Woch.,  1895,  Nos.  27,  31, 
»  "Leber  und  Glycoeurie,"  Beriin.  klin.  Woch.,  1898,  p.  1122. 
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his  cases  of  phosphorus  poisoning  other  factors  besides  the  changes 
in  the  liver,  such  as  the  action  of  the  poison  upon  the  nervous  system, 
etc.,  played  a  rolCf  as  a  digestive  glucosuria  may  also  occur  m  con- 
nection with  other  forms  of  intoxication,  as  in  fevers,  foUowing  the 
administration  of  large  doses  of  diuretin,  in  acute  alcoholism,  etc., 
in  which  the  Uver  is  not  the  only  organ  that  is  involved.    Strauss 
further  shows  that  great  care  must  be  exercised  in  the  selection  of 
the  material  for  such  investigations,  and  believes  that  errors  referable 
to  this  source  may  have  been  incurred  by  Bierens  de  Haen.    He  thus 
cites  2  cases   of   hypertrophic   cirrhosis,  associated   with   delirium 
tremens,  in  which  small  amounts  of  sugar  could  be  demonstrated  in 
the  urine  a  few  days  after  recovery  from  the  dehrium,  while  shortlj 
after  negative  results  only  could  be  obtained.    The  lowering  effect 
of  alcoholism  upon  the  limit  to  the  assimilation  of  glucose  is  a  well- 
known  phenomenon,  and  it  would  be  erroneous  to  conclude  that 
because  alcoholism  may  call  forth  organic  changes  in  the  liver  the 
digestive  glucosuria  in  such  cases  must  be  referable  to  such  alterations. 
Without  entering  further  into  the  question  at  this  place,  it  appears 
that  diseases  of  the  liver  'per  se  do  not  materially  lessen  the  power  of 
assimilation  for  glucose,  and  that  other  forces  are  at  the  di^osal  of 
the  body  to  supply  the  glycogen-forming  or  retaining  power  of  the  liver 
when  this  becomes  insufficient,  and  that  these  also  may  be  at  fault 
when  a  digestive  glucosuria  is  observed  in  association  with  hepatic 
disorders. 

The  association  of  digestive  glucosuria  with  various  diseases  of 
the  nervous  svstem  has  been  carefully  studied  bv  v.  Jaksch,*  Strum- 
pell,  H.  Strauss,^  von  Oordt,  Geelvink,  and  Arndt.'  From  the  work 
of  these  investigators  it  appears  that  digestive  glucosuria  is  rarely 
seen  in  spinal  diseases,  and  is  decidedly  more  common  in  functional 
diseases  of  the  central  ner\^ous  system  than  in  organic  affections. 
(Jf  30  cases  of  tabes  examined  by  Strauss,  digestive  glucosuria 
resulted  in  only  1  after  the  administration  of  100  grams  of  glucose, 
and  in  that  case  a  family  history  of  diabetes  existed.  In  16  further 
cases  examined  by  J.  Strauss  negative  results  were  obtained.  In  the 
neuroses  a  positive  result  was  noted  in  42  out  of  210  cases  which  1 
have  been  able  to  collect  from  the  literature.  Most  frequently  it  is 
met  with  in  the  traumatic  neuroses,  in  whch  Strauss  obser\'ed  the 
phenomenon  in  37.5  per  cent,  of  his  40  cases;  while  in  the  non-trau- 
matic forms  only  14.4  per  cent,  were  insufficient  in  this  respect.  Of 
the  organic  diseases  of  the  central  ner\'ous  system,  it  appears  that 
diffuse  cerebral  lesions  referable  to  alcohol  and  syphilis  are  more  likely 

^  Loc.  cit. 

2  "Zur  Lehre  v.  d.  ncuro^enen  u.  d.  thvreogenen  Glycosurie,"  Deutsch.  med. 
Wooh..  1897,  pp.  275  and  301). 

*  '*Uel)craliinontaro  Glvcosurie  l»ci  Xouropsvchosen,"  Berlin,  klin.  Woch.,  189S, 
p.  108o. 
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to  give  rise  to  this  form  of  glucosuria  than  the  more  Ick^lized  lesions. 
In  general  paresis  digestive  glucosuria  is  thus  not  unconmion  (H. 
Strauss,  Amdt),  but  it  is  only  possible  to  draw  definite  deductions 
from  the  study  of  a  laige  amount  of  clinical  material.  Small  series 
like  that  of  J.  Strauss  do  not  give  a  proper  idea  of  actual  conditions, 
as  he,  for  example,  obtained  negative  results  in  all  of  10  cases. 

In  his  examination  of  5  cases  of  idiocy  and  23  cases  of  imbecility, 
J.  Strauss  obtained  positive  results  in  only  2  of  the  imbeciles  after 
the  administration  of  100  grams  of  glucose;  in  both  of  the  posi- 
tive cases  the  glucosuria  was  transitory  and  associated  with  the 
existence  of  nervous  excitability.  Bergenthal  observed  alimentary 
glucosuria  in  6  cases  out  of  20. 

In  Basedow's  disease  digestive  glucosuria  has  also  been  noted  in 
a  large  number  of  cases  by  Chvostek,  Kraus  and  Ludwig,  Strauss, 
Goldschmidt  and  Stem.  Especially  interesting  in  this  connection  is 
the  fact  that  digestive  glucosuria  may  be  induced  by  the  administra- 
tion of  thyroid  extract,  viz.,  thyroidin  or  iodothyrin  in  apparently 
normal  persons.  Bettmann^  thus  noted  glucosuria  after  the  inges- 
tion of  100  grams  of  glucose  in  12  of  25  healthy  individuals  who 
had  been  treated  for  a  week  with  the  products  in  question. 

A  digestive  glucosuria  is  further  observed  in  numerous  febrile  dis- 
eases, such  as  pneiunonia,  typhoid  fever,  acute  articular  rheumatism, 
scarlatina,  tonsillitis,  etc.  The  amount  of  sugar  usually  found  varies- 
from  0.5  to  3  per  cent. ;  larger  amounts  may,  however,  also  be  encoun- 
tered, and  1  case  is  on  record  in  which  8  per  cent,  was  present.' 

Very  common  also,  as  I  have  indicated,  is  the  digestive  glucosuria 
of  alcoholics,  and  there  can  be  little  doubt  that  the  habitual  ingestion 
of  large  quantities  of  beer  and  spirits  is  apt  in  the  course  of  time  to  lead 
to  a  more  than  temporary  insuflBciency  of  the  carbohydrate  metab- 
olism. In  the  course  of  his  investigations  in  this  direction,  KrehP 
found. among  the  Jena  students  that  the  proportion  of  those  in  whose 
urine  sugar  appeared  apparently  varied  with  the  different  kinds  of 
beer,  but  was  much  greater  after  morning  drinking.  Of  14  who 
drank  bock  or  export  beer  in  the  morning,  5  had  glucosuria. 
After  the  evening  drinking,  amounting  in  1  case  to  seven  liters,  of 
19  only  1  had  sugar  in  the  urine,  and  with  Bavarian  beer  1  of  1 1 . 

Of  diseases  of  the  skin,  digestive  glucosuria  is  notably  associated 
with  psoriasis;  and  it  is  interesting  to  note  that  the  same  disease  is 
not  infrequently  seen  in  diabetic  patients.  Gross  thus  records  5 
cases,  in  4  of  which  the  psoriasis  had  existed  for  many  years 
before  the  appearance  of  diabetic  symptoms.    Similar  instances  are 

*  "Ueberd.  Einflussd.  Schilddriisenbehandl.  auf.  d.  KohlendydratstofTwechsel/ 
Beiiin.  klin.  Woch.,  1897,  p.  518. 

*  R.  V.  Bleiweiss,  "  Ueber  alimentare  Glycosurie  e  saccharo  bei  acuten,  fieber 
aften  Infektionskrankheiten/'  Centralbl.  f.  inn.  Med.,  1900,  No.  2. 

*  "Aliment&re  Glycosurie  nach  Biergenuss,"  Centralbl.  f.  inn.  Med.,  1897,  No.  40 
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recorded  by  Strauss,  Grube,  PolotebuofI,  Nielssen,  Schiitz,  and  odiers. 
Nagelschmidt^  was  able  to  produce  glucosuria  by  the  ingestioo  of 
100  grams  of  glucose  in  8  cases  out  of  25. 

During  pregnancy  digestive  glucosuria  is  also  frequently  observed, 
and  is  by  some  regarded  as  a  fairly  constant  symptom  and  of  diag- 
nostic importance.  The  amount  is  variable,  and  while  Lanz'  records 
1  case  in  which  29.6  grams  of  glucose  were  found  after  the  inges- 
tion of  100  grams,  such  figures  are  certainly  uncommon,  and  as  a 
general  rule  less  than  3  grams  are  recovered  from  the  urine.  After 
delivery  the  power  of  assimilation  for  glucose  no  longer  appears  to 
be  subnormal.  The  milder  form  of  glucosuria  in  pregnancy  is  dur- 
ing the  last  week  or  two  accompanied  by  lactosuria. 

A  digestive  glucosuria  has  further  been  observed  in  acute  and 
chronic  lead  poisoning,  poisoning  with  nitrobenzol,  aniline  dyes, 
opium,  atropine,  and  carbon  monoxide;  in  the  early  stages  (the  first 
twelve  days)  of  acute  phosphorus  poisoning;  in  the  febrile  form  of 
embarras  gastrique,  etc.  In  these  conditions,  however,  the  phenome- 
non has  received  little  attention. 

In  patients  aflBicted  with  disease  of  the  heart,  liver,  and  kidneys 
Grobbi'  observed  a  digestive  glucosuria,  after  the  ingestion  of  from 
100  to  200  grams  of  glucose,  if  diuretin  was  at  the  same  time 
administered. 

Very  important  is  the  fact  that  in  diabetes  mellitus  the  sugar  may 
at  times  disappear  from  the  urine,  while  its  elimination  is  replaced 
by  an  excessive  excretion  of  uric  acid  or  phosphates.  In  such  cases 
glucosuria  may  be  produced  with  ease  by  the  ingestion  of  100  grams 
of  glucose,  a  point  which  may  be  of  value  in  diagnosis.  The  exhibi- 
tion of  such  amounts  of  sugar  in  true  diabetes  while  glucosuria  already 
exists  will  cause  an  increased  elimination,  while  this  apparently  does 
not  occur  in  other  forms  of  glucosuria.  Interesting  further  is  the 
fact  that  in  diabetic  patients  an  increased  elimination  of  sugar  can  he 
produced  by  the  administration  of  full  doses  of  copaiba.  That  this 
drug  is  in  itself  capable  of  lowering  the  limit  of  the  assimilation  of 
glucose  has  recently  been  sho\\Ti  by  Bettmann.  A  digestive  glucosuria 
was  thus  produced  in  4  patients  out  of  12  of  whom  copaiba  had 
been  given  for  one  week  in  amounts  varying  from  1  to  2  grams. 

The  digestive  glucosuria  to  which  reference  has  been  made  in  the 
preceding  pages  is  generally  spoken  of  as  the  digestive  glucosuria  e 
saccharo.  Similar  results  have  been  obtained  after  the  administra- 
tion of  starches  in  excess,  viz.,  150  to  200  grams.  But  while  a 
digestive  glucosuria  e  saccharo  is  regarded  only  as  a  possible  indica- 
tion of  a  pathological  alteration  of  the  carbohydrate  metabolism, 

»  "Psoriasis  und  Glycosurie,"  Berlin,  klin.  Woch.,  1900,  No.  2. 

*  Wien.  mod.  Presse,  1895,  vol.  xxxvi. 

*  **La  glucosuria  da  diuretina,"  II  Policlinico.  1900,  Xo.  5. 
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it  is  generally  thought  that  every  glycosuria  ex  amylo^  is  indicative 
of  a  definite  disturbance  in  the  sense  of  diabetes,  unless  special 
factors,  such  as  an  increase  of  the  surrounding  temperature,  dimin- 
ished radiation  of  heat,  or  complete  lack  of  muscular  activity,  are 
active.  Strauss,  however,  has  shown  that  in  cases  in  which  a  some- 
what more  than  temporary  predisposition  toward  glucosuria  e  sac- 
charo  exists,  as  in  alcoholics,  for  examplee,  a  coincident  tendency 
toward  glucosuria  ex  amylo  may  likewise  be  demonstrated.  As  a 
result  of  his  experiments  he  concludes  that  the  difference  between 
the  digestive  glucosuria  e  saccharo  and  glucosuria  ex  amylo  is  essen- 
tially a  question  of  degree.  Casieris  'paribus,  it  appears  that  harm- 
ful influences  of  a  slight  character  lead  to  glucosuria  e  saccharo, 
while  grave  insults  call  forth  glucosuria  ex  amylo.  It  results  prac- 
tically that  the  prognosis  in  those  cases  in  which  digestive  glucosuria 
follows  a  temporary  insult  is  far  better  than  when  the  carbohydrate 
metabolism  is  permanently  damaged,  and  especially  when  a  gluco- 
suria ex  amylo  accompanies  a  glusosuria  e  saccharo.  In  the  first 
instance  it  is  scarcely  likely  that  true  diabetes  will  develop  in  the 
course  of  time,  while  in  the  latter  this  is  at  least  possible. 

Aside  from  the  digestive  form  of  glucosuria  which  has  just  been 
considered,  and  which  is  produced  artificially,  an  idiopathic  transi- 
tory form  is  also  known  to  occur.  A  transitory  glycosuria,  appar- 
ently of  central  origin,  is  thus  noted  in  connection  with  lesions 
affecting  the  central  as  well  as  the  peripheral  nervous  system,  such 
as  tumors  and  hemorrhages  at  the  base  of  the  brain,  lesions  of  the 
floor  of  the  fourth  ventricle,  cerebral  and  spinal  meningitis,  concus- 
sion of  the  brain,  fracture  of  the  cervical  vertebrae,  tetanus,  sciatica; 
following  epileptic,  hystero-epileptic,  and  apoplectic  seizures,  mental 
shock  produced  by  railroad  accidents  (traumatic  neuroses),  etc.; 
mental  strain  and  worry,  fatigue,  and  anxiety.  Glucosuria  follow- 
ing epileptic  and  apoplectic  attacks,  however,  does  not  appear  to 
be  so  common  as  is  generally  believed,  v.  Jaksch  was  unable  to 
demonstrate  the  presence  of  sugar  in  50  recent  cases  of  hemiplegia, 
and  in  a  large  number  of  cases  of  epilepsy,  with  urines  voided  within 
the  first  few  hours  following  the  seizure,  I  have  reached  only  negative 
results. 

In  Basedow's  disease  transitory  glucosuria  may  also  occur,  and 
it  is  well  established  that  a  relation  may  exist  between  the  disease  in 
question  and  the  complex  of  symptoms  designated  as  diabetes  mellitus.^ 

*  E.  Kiilz,  Beitr&ge  zur  Pathol,  u.  Therap.  d.  Diabetes,  Marburg,  1874,  vol.  i, 
p.  110. 

'  Dumontpallier,  "Goiter  exophthalmique  et  glycosurie,"  Compt.-rend.  dela 
90C.  de  biol.,  1867.  O'Neill,  "Exophthalmic  Goitre  and  Diabetes  occurring  in 
the  SEime  Pereon,"  Lancet,  1878,  pt.  i,  p.  9.  S.  Bettmann,  Miinch.  med.  Woch., 
1896,  vol.  xliii,  Nos.  49  and  50.  E.  Grawitz,  Fortsch.  d.  Med.,  1897,  vol.  xv. 
K.  Osterwald,  inaug.  Diss.,  Gdttingen,  1898.  H.  Stem,  Jour.  Amer.  Med.  Assoc., 
1902,  vol.  zxxix,  p.  972. 
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Siegmund  noted  a  transitory  glucosuria  in  52.38  per  cent,  of 
general  paretics,  in  7.4  per  cent,  of  epileptics,  and  in  3.77  per  cent 
of  dementia  cases,  while  it  was  not  observed  in  other  mental  dis- 
eases. In  reference  to  the  postepileptic  glucosuria  which  has  been 
noted  by  some  of  the  older  observers  more  especially,  an  analysb  of 
their  work  has  led  me  to  the  conclusion  that  their  inferences  were 
scarcely  justifiable,  as  a  wholly  satisfactory  proof  of  the  presence  of 
sugar  has  not  been  furnished.^ 

In  cases  of  cholelithiasis,  contrary  to  what  has  been  maintained 
by  one  or  two  observers,  glucosuria  is  unusual. 

It  is  well  known  that  Claude  Bernard  experimentally  produced 
a  transitory  glucosuria  by  puncturing  a  certain  spot  in  the  floor 
of  the  fourth  ventricle,  the  supposed  origin  of  the  hepatic  vaso- 
motor nerves,  and  it  is  not  improbable  that  this  neurotic  form  of 
glucosuria  is  due  to  some  direct  or  reflex  influence  affecting  that  por- 
tion of  the  medulla. 

The  transitory  glucosuria  occasionally  observed  in  acute  febrile 
diseases,  such  as  typhoid  fever,  scarlatina,  measles,  cholera,  diph- 
theria, influenza,  and  especially  malaria,  particularly  during  con- 
valescence, may  possibly  be  referable  to  the  action  of  specific 
toxins  upon  this  centre.  Seegen  reports  5  cases  of  malaria 
with  **  diabetes"  in  which  both  conditions  disappeared  under  the 
administration  of  quinine.  In  diphtheria  glucosuria  appears  to  be 
of  common  occurrence.  Binet  thus  obtained  a  positive  result  in 
29  cases  out  of  70;  27  times  in  severe  infections  out  of  38,  and 
twice  in  mild  cases  out  of  32.  I  have  personally  found  a  transi- 
tory glucosuria  in  4  cases  out  of  32;  the  infection  in  these  was 
of  moderate  severity.  Hibbard  and  Morrissev  arrived  at  similar 
results.^ 

A  glucosuria  of  toxic  origin  has  been  noted  in  cases  of  poisoning 
with  curare,  chloral  hydrate,  sulphuric  acid,  arsenic,  alcohol,  carbon 
monoxide,  morphine,  etc.,  and  even  after  simple  transfusion  of  nor- 
mal salt  solution  into  the  blood.  Phloridzin,  a  glucoside  obtained 
from  the  bark  of  the  root  of  the  apple  tree,  will  likewise  cause  sugar 
to  appear  in  the  urine.  The  glucosuria  thus  produced  is,  however, 
only  temporar},  and  ceases  upon  withdrawal  of  the  drug.'  Of 
interest  is  the  glucosuria  which  occasionally  follows  the  administra- 
tion of  thvroid  extract  or  of  iodothvrin,  as  there  is  evidence  to  show 
that  in  such  cases  a  special  predisposition  to  glucosuria  exists.  \\Tien 
carried  to  an  extreme  degree  true  diabetes  may  develop,  which 
subsequently  cannot  be  arrested  by  withdrawal  of  the  substance.* 

^  See.  also,  Araki.,  Zeit.  f.  phys.  Chem.,  vol.  xv,  p.  363. 
'  "Glycosiirie  in  Diphtheria,"  Jour.  ExperMed.,  vol.  iv,  p.  137. 
^  Zuntz,  "  Zur  Kermtniss  d.  Phloridzindiabetes,"  Du  Bois'  Archiv,  1895,  p.  570. 
*  H.  Strauss,  "  Neurogene  and  thvreogene  Glucosurie,"  Deutsch.  med.  Woch., 
1897,  Nos.  19  and  20. 
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The  occurrence  of  a  transitory  glucosuria  under  the  conditions 
bove  mentioned,  and  which  may  be  met  with  in  ahnost  any  disease, 
loreover,  while  interesting  from  a  theoretical  standpoint,  must  in 
le  majority  of  instances  be  regarded  as  a  medical  curiosity  only, 
nd  it  is  but  rarely  possible  to  draw  either  diagnostic,  prognostic,  or 
lerapeutic  conclusions  from  its  existence. 

A  "persistent  form  of  glucosuria  is  noted  in  connection  with  certain 
isions  of  the  brain,  especially  those  affecting  the  floor  of  the  fourth 
sntricle,  and  is  at  times  of  considerable  value  in  diagnosis.    This 

also  observed  after  removal  of  the  thyroid  gland,  and  in  cases  in 
hich  thyroid  extract  has  been  administered  in  unduly  large  amount. 

A  continuous  elimination  of  sugar,  however,  is  noted  principally 
i  the  complex  of  symptoms  to  which  the  term  diabetes  TneUitus  has 
een  applied. 

Diabetes  mellitus  is  essentially  a  persistent  form  of  glucosuria 
ssociated  with  the  occurrence  of  a  more  or  less  intense  polyuria  and 
greatly  increased  elimination  of  all  the  metabolic  products  normally 
>und  in  the  urine,  with  the  exception  of  uric  acid,  which  is  usually 
resent  in  diminished  amount.  In  the  more  advanced  cases  aceto- 
uria,  lipuria,  and  lipaciduria  may  abo  exist.  Diabetes,  however,  is 
ot  a  persistent  form  of  glucosuria  in  an  absolute  sense  of  the  word, 
5  periods  may  occur  in  the  course  of  the  disease  when  glucose  is 
^mporarily  absent. 

TTie  quantity  of  sugar  excreted  may  be  very  large,  and  180  to  360 
rams  pro  die  are  amounts  which  may  be  frequently  observed, 
liis  quantity  may  diminsh  to  zero  under  various  conditions,  such 
3  the  occurrence  of  intercurrent  diseases,  but  often  also  without  any 
pparent  cause,  and  not  infrequently  in  the  condition  which  has  been 
;rmed  diabetic  coma.  Cases  are  also  observed  in  which  from  begin- 
ing  to  end  mere  traces  are  eliminated,  the  total  amount  of  sugar 
ot  exceeding  a  few  grams,  while  the  course  of  the  disease  rapidly 
;nds  toward  a  fatal  termination,  so  thai  the  severity  of  the  pathological 
rocess  cannot  be  measured  by  the  amount  of  sugar  eliminated. 

At  the  same  time  it  should  be  remembered  that  diabetes  cannot 
B  excluded  by  one  or  even  more  negative  urinary  examinations,  and 
le  value  of  repeating  such  examinations  three  or  four  hours  after 
le  exhibition  of  100  grams  of  glucose,  as  indicated,  cannot  be  too 
iTongly  urged. 

Clinicians  are  in  the  habit  of  determining  the  severity  of  a  case, 
» a  certain  extent  at  least,  from  the  condition  of  the  urine  under  a  diet 
"ee  from  starches  and  sugars,  and  generally  regard  those  cases  as  the 
lore  serious  in  which  the  glucosuria  does  not  disappear  under  a  diet 
f  this  character,  while  a  more  favorable  prognosis  is  given  if  the 
jgar  disappears.  It  should  be  remembered,  however,  that  there 
re  numerous'  exceptions  to  this  rule,  and  that  a  light  case — L  e., 
ae  in  which  the  sugar  disappears  under  appropriate  dietetic  treat- 
31 
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ment — ^may  suddenly  exhibit  symptoms  seen  only  in  the  most  severe 
forms,  or  succumb  to  one  of  the  numerous  intercurrent  maladies, 
while  apparently  severe  cases  may  assume  the  more  benign  type. 

It  may  not  be  out  of  place  in  this  connection  to  say  a  few  words 
regarding  the  specific  gravity  of  the  urine.  While  usually  very  high, 
varying  between  1.030  and  1.060,  as  pointed  out  in  the  chapter 
on  Specific  Gravity,  comparatively  low  figures  are  noted  at  times, 
such  as  1.012,  corresponding  to  a  quantity  of  urine  not  exceed- 
ing 1000  C.C.,  and  implying,  of  course,  a  diminished  eliminatioQ 
of  solids.  This  is  especially  marked  in  those  cases  described  b? 
Hirschfeld,^  in  which,  as  pointed  out  in  the  chapter  on  Urea,  tk 
resorption  of  nitrogenous  material  from  the  digestive  tract  is  below 
the  normal.  Polyuria,  a  fairly  constant  symptom  of  the  more  com- 
mon types  of  diabetes  mellitus,  is  much  less  pronounced  in  Hiisch- 
feld*s  form,  and  may  be  altogether  absent,  although  it  is  true  that 
this  may  occur  in  ordinary  diabetes  also. 

The  simultaneous  occurrence  of  glucosuria,  acetonuria,  lipuria, 
and  lipaciduria  (which  see)  is  probably  always  indicative  of  true 
diabetes. 

It  is,  of  course,  impossible  to  enter  here  into  a  detailed  considera- 
tion of  the  origin  of  diabetes.  Suffice  it  to  say  that  a  persistent  glu- 
cosuria, aside  from  nervous  influences,  may  be  referable,  on  the  one 
hand,  to  an  inability  on  the  part  of  the  liver  to  transform  into  gly- 
cogen all  of  the  sugar  which  is  carried  to  this  organ;  or,  on  the  other 
hand,  to  an  inability  on  the  part  of  the  muscular  system  of  the  body 
to  utilize  all  the  sugar  sent  to  it.  Acconlingly,  we  may  distinguish 
between  a  hepatogenic  and  a  myogenic  dixjbetes. 

Within  recent  years  it  has  been  shown  that  pancreatic  disease  is 
frequently  associated  with  diabetes,  and  while  the  number  of  cases 
in  which  no  pancreatic  lesions  are  discovered  is  still  too  large  to  war- 
rant the  conclusion  that  disease  of  this  organ  is  invariably  associated 
with  glucosuria,  it  still  must  be  admitted  that  lesions  of  the  pancreas 
are  the  more  frequently  met  with  in  diabetes  the  more  carefully  the 
organ  is  examined.  So  much  appears  to  be  certain,  that  diabetes 
viay  be  produced  by  pancreatic  disease.  As  to  the  manner,  how- 
ever, in  which  such  a  result  can  occur  we  are  in  ignorance.  In 
this  connection  it  is  interesting  to  note  that,  according  to  Opie,  dis- 
ease of  the  areas  of  LangtThans  more  especially  is  associated  with 
the  clinical  picture  of  diabetes,  while  lesions  affecting  the  secreting 
portion  of  the  gland  only  do  not  influence  the  carbohydrate  metab- 
olism.^ These  observations  of  Opie  have  been  largely  confirmed  by 
other  observers. 

In  cancer  of  the  pancreas  glucosuria  only  occurs  in  a  small  per- 

^  "  Teber  cine  ncue  klinische  Form  d.  Diabetes,"  Zeit.  f.  klin.  Med.,  vol.  six,  pp 
294  and  325. 

'  Opie,  Jour.  Exper.  Med.,  1901,^vol.  v,fp.  527. 
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ye  of  cases — 3  of  21,  as  reported  by  Pearce.*    In  1  of  these 
was  a  true  cancer  diabetes  with  involvement  of  the  islands, 
in  a  second  case  the  glucosuria  was  intermittent  without  mani- 
hanges. 

•schfeld  pointed  out  that  while  in  the  majority  of  diabetic  patients 
roteid  food  is  quite  satisfactorily  utilized,  the  assimilation  of 
md  albumins  is  much  below  normal  in  others,  and  particularly 
the  pancreatic  cases.  (See  also  Urea.)  Observations  in  this 
ion  are  as  yet  very  scanty,  so  that  a  definite  opinion  cannot  be 
ssed  regarding  the  utility  in  diagnosis  of  investigations  similar 
)se  of  Hirschfeld. 

lether  or  not  a  renal  and  a  thyroigenic  diabetes  exists,  as  has 
suggested,  remains  an  open  question.'  That  Basedow's  disease 
3e  associated  with  diabetes  mellitus  I  have  already  pointed  out. 

sts  for  Sugar. — ^The  tests  for  sugar  usually  employed  in  the 
il  laboratory  depend  upon  the  following  properties  of  sugar: 
[n  the  presence  of  alkalies  it  acts  as  a  reducing  agent  upon 
n  metallic  oxides,  such  as  those  of  copper  and  bismuth  (Feh- 
,  Tronmier's,  Bottger's,  and  Nylander's  tests). 
[n  the  presence  of  yeast  (Saccharomyces  cerevisiae)  it  under- 
■ermentation,  with  the  formation  of  ethyl  alcohol,  carbonic  acid, 
lie  acid,  glycerin,  amyl  alcohol,  etc.  (fermentation  test). 
With  phenylhydrazin  sugar  forms  an  insoluble  crystalline  com- 
i — ^phenylglucosazone. 

Solutions  of  glucose  turn  the  plane  of  polarized  light  to  the 
from  which  property  glucose    has  also  received  the  name 

every  case  the  urine  should  first  be  tested  for  the  presence  of 
lin,  which  should  be  removed  by  boiling. 
mmer'fl  Test.' — A  few  cubic  centimeters  of  urine  are  strongly 
nized  with  sodium  hydrate  solution,  and  treated  with  a  5  per 
solution  of  cupric  sulphate,  added  drop  by  drop,  until  the 
c  oxide  formed  is  no  longer  dissolved.  The  mixture  is  care- 
heated,  when  in  the  presence  of  sugar  a  yellow  precipitate  of 
•us  hydroxide  is  formed,  which  gradually  settles  to  the  bottom 
sediment  of  red  cuprous  oxide. 

is  important  to  note  that  while  sugar,  unless  present  in  mere 
J,  can  readily  be  detected  in  this  manner,  other  substances  are 

aer.  Jour.  Med.  Sci.,  Sept.,  1904,  p.  478. 

abetes:  J.  Seegen,  Die  Zuckerbildung  im  Thierkdrper,  Berlin,  1890,  p.  260. 
)rden,  Pathol,  d.  Stoflfwechsels,  Beriin,  1893.  SeSegen,  "  Ueber  d.  Zucker- 
d.  Blutes  von  Diabetikem,"  Wien.  med.  Woch.,  1886,  Nos.  47  and  48. 
Payy,  "  Ueber  die  Behandlung  von  Diabetes  mellitus,"  Verhandl.  d.  X. 
at.  Med.  Congr.,  1891,  ii,  Abt.  5,  p.  80.  P.  F.  Richter,  "  Nierendiabetes," 
5h.  med.  Woch.,  1899,  p.  840. 
nal.  d.  Chem.  u,  Phann.,  1841,  vol.  xxxix,  p.  361. 
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or  may  be  present  in  the  urine,  such  as  uric  acid,  kreatin  and  krea- 
tinin,  allantom,  nucleo-albumin,  milk  sugar,  pjrocatechin,  hydro- 
quinone,  and  bile  pigment,  which  likewise  reduce  cupric  oxide.  Fol- 
lowing the  ingestion  of  benzoic  acid,  salicylic  acid,  glycerin,  chlonl, 
sulphonal,  etc.,  reducing  substances  also  appear.  These  may 
generally  be  disregarded,  it  is  true,  if  care  is  taken  not  to  boil  the 
urine  after  the  addition  of  the  cupric  sulphate,  as  the  precipitatioii 
of  cuprous  oxide  in  the  presence  of  sugar  takes  place  before  this  point 
is  reached.  Unfortunately,  however,  the  test  when  thus  applied 
yields  negative  results,  or  results  which  are  doubtful,  if  traces  only 
are  present,  so  that  it  cannot  be  utilized,  as  a  rule,  in  the  study  of 
transitory  or  digestive  glucosuria. 

Fehling'fl  Test.^ — This  is  a  modification  of  the  test  just  described, 
and  can  be  recommended  only  with  the  same  restrictions. 

Two  solutions  are  employed,  which  must  be  kept  in  separate 
bottles,  the  one  containing  34.64  grams  of  crystallized  cupric  sul- 
phate, dissolved  in  500  c.c.  of  distilled  water,  and  the  other  173 
grams  of  potassium  and  sodium  tartrate  and  50  to  60  grams  of 
potassium  hydrate,  dissolved  in  an  equal  volume  of  water.  Equal 
parts  of  the  two  solutions,  mixed  in  a  test-tube  and  diluted  with 
four  times  as  much  water,  are  boiled,  when  a  small  amount  of  urine 
is  added.  In  the  presence  of  sugar  a  precipitate  of  the  yellow 
hydroxide  of  copper  or  of  red  cuprous  oxide  will  be  produced;  but 
care  should  be  taken  only  to  warm,  and  not  to  boil  the  solution  after 
the  addition  of  the  urine. 

Not  infrequently  it  will  be  observed  that  upon  standing,  when  no 
precipitation  has  occurred  previously,  the  blue  color  of  the  nuxture 
changes  to  an  emerald  green,  while  the  solution  at  the  same  time 
becomes  turbid.  Such  a  phenomenon  should  not  be  referred  to  the 
presence  of  sugar,  as  it  is  in  all  probability  due  to  the  action  of  other 
reducing  substances,  such  as  those  mentioned  above. 

Bdettger's  Test  with  Nylander^s  Modification.^ — A  few  cubic  centi- 
meters of  urine  are  treated  with  Alm^n's  solution  in  the  pro- 
portion of  11  to  1.  This  is  prepared  by  dissolving  4  grams 
of  potassium  and  sodium  tartrate,  2  grams  of  bismuth  subnitrate, 
and  10  grams  of  sodium  hydrate  in  90  c.c.  of  water,  heating  the 
solution  to  the  boiling  point  and  filtering  upon  cooling,  when  it 
should  be  kept  in  a  colored  glass  bottle.  The  mixture  of  urine 
and  Alra^n's  fluid  is  thoroughly  boiled,  when  in  the  presence  of 
sugar  a  grayish,  dark-brown,  and  finally  a  black  precipitate,  con- 
sisting of  bismuthous  oxide  or  of  metallic  bismuth,  is  obtained. 
Albumin,  if  present,  must  first  be  removed,  as,  owing  to  the  sulphur 
contained  in  the  albuminous  molecule,  alkaline  sulphides  would  be 

^  Annal.  d.  Chcm.  u.  Pharni.,  1849,  vol.  Ixxii.  p.  106. 
Zeit.  f.  physiol.  Cliem.,  1883,  vol.  \iii,  p.  175. 
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formed  upon  boiling,  and,  acting  upon  the  bismuth,  give  rise  to  the 
formation  of  black  bismuth  sulphide,  which  might  be  mistaken  for 
metallic  bismuth.  Rhubarb  pigment,  as  well  as  melanin  and  melan- 
ogen  (which  see),  and  free  hydrogen  sulphide  must  also  be  absent, 
as  misleading  results  will  otherwise  be  obtained. 

Nyhinder's  test,  as  well  as  that  of  Trommer  and  Fehling,  is, 
however,  not  without  objections,  as  a  partial  reduction  of  the  bis- 
muth subnitrate  may  be  produced  by  other  substances,  such  as 
kairin,  tincture  of  eucalyptus,  turpentine,  and  large  doses  of  quinine. 

Fann«at*tion  Test.' — This  is  based  upon  the  fermentative  decom- 
position of  sugar  with  the  formation  of  carbon  dioxide  and  alcohol. 


Fia.  148.— Einlmrn' 


It  should  be  resorted  to  in  all  doubtful  cases.  The  test  is  now  almost 
always  carried  out  in  special  fermentation  tubes,  such  as  those  of 
Einhom  (Fig.  148)  and  Lohnstein  (Fig.  149),  To  this  end  a  small 
piece  of  compressed  yeast  (a  fur  sized  pill)  is  broken  up  in  a  test- 
tubeful  of  urine.  It  is  better  to  do  this  with  a  glass  rod  than  by 
shaking.  The  fermentation  tube  is  filled  with  this  mixture,  care 
being  taken  that  no  bubbles  of  air  remain  at  the  top.  A  little  mercury 
is  poured  in,  so  as  to  occlude  the  lower  bend,  after  which  the  tube  is 
kept  at  a  temperature  of  30°  to  38°  C.  for  twenty  to  twenty-two  hours. 
At  the  end  of  this  time  it  is  inspected  to  see  whether  any  gas  has 
been  formed.     In  the  case  of  sugar  urines  it  can  readily  be  proven 

■  E.  Salkowski,  Beriin  klin.  Woch.,  1005,  p.  48 
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that  the  gas  is  carbon  dioxide  by  introducing  some  caustic  alkai  into 
the  tube,  when  the  gas  is  absorbed. 

In  every,  case  it  is  necessary  to  make  a  control  test  with  nonnal 
urine  of  approximately  the  same  concentration,  as  the  conmion  com- 
mercial yeast  always  develops  a  little  carbon  dioxide  by  itself.   A 
little  bubble  is  thus  usually  seen.     But  the  same  may  occur  from  the 
liberation  of  gas  which  may  be  present  in  absorption,  when  the  test 
is  kept  at  the  temperature  indicated.     Unless  traces  of  sugar  (less 
than  Yj^  per  cent.)  be  present  no  difficulty  will  result  from  this  fact,  as 
the  volume  of  gas  in  the  sugar  urine  will  exceed  that  of  the  control. 
But  when  smaller  quantities  are  present  some  doubt  may  arise.    In 
that  case  an  attempt  must  be  made  to  increase  the  volume  of  gas  by 
heating,  when  the  sugar  urine  owing  to  the  presence  of  carbon  dioxide 
will  show  a  larger  bubble  of  gas  than  the  control.     This  may  be  done 
on  a  boiling  water  bath  by  placing  both  fermentation  tubes  in  a  large 
beaker  filled  with  water  such  that  the  tops  of  the  tubes  are  just 
covered,  and  heating  for  half  an  hour. 

If  a  positive  result  is  obtained  with  the  fermentation  test  the  pres- 
ence of  a  fermentable  sugar  is  proven;  the  question  whether  this  is 
dextrose  or  levulose,  which  alone  enter  into  consideration  in  disease, 
is  practically  unimportant.  Should  blood,  pus,  albumin,  or  albumose 
be  present,  these  should  first  be  removed. 

Rarely  it  will  happen  that  the  urine  undergoes  ammoniacal  decom- 
position in  the  tubes;  if  it  does  occur  the  examination  should  be 
repeated. 

Phenylhydrazin  Test.* — As  originally  proposed  by  v.  Jaksch,  the 
test  is  conducted  as  follows:  6  to  8  c.c.  of  urine  are  treated  with 
0.4  to  0.5  gram  of  phenylhydrazin  hydrochlorate  and  1  gram  of 
sodium  acetate,  and  warmed  until  the  salts  have  been  dissolved,  a 
little  water  being  added  if  necessary.  The  tube  is  placed  in  boiling 
water  for  twenty  to  thirty  minutes,  and  then  transferred  to  a  beaker 
filled  with  cold  water.  If  sugar  is  present  in  moderate  amounts,  a 
bright-yellow,  crystalline  deposit  will  at  once  be  thrown  down  ami 
partly  adhere  to  the  sides  of  the  tube.  But  even  in  the  presence  of 
mere  traces  a  careful  microscopic  examination  will  reveal  the 
presence  of  crystals  of  phenylglucosazone.  These  are  seen  singly  or 
arranged  in  bundles  and  sheaves  composed  of  delicate,  bright-yellow 
needles  which  are  insoluble  in  water. 

Still  more  convenient  is  the  following  modification  of  the  test,  as 
suggested  by  Cipollina:^  o  drops  of  pure  phenylhydrazin,  0.5  c.c. 
of  glacial  acetic  acid,  or  1  c.c.  of  50  per  cent,  acetic  acid  are  placed 
in  a  test-tube  together  with  4  c.c.  of  urine.  The  mixture  is  boiled 
for  about  one  minute  over  a  small  flame,  while  shaking  so  as  to  avoid 

»  V.  Jaksch,  Zeit.  f.  klin.  Med.,  1886,  vol.  xi,  p.  20. 
'  Deutsch.  med.  Woch.,  1901,  vol.  xxvii,  p.  334. 
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bumping  as  much  as  possible;  4  or  5  drops  of  sodium  hydrate  solution 
(specific  gravity  1.16)  are  added^  but  the  solution  must  remain  acid; 
the  boiling  is  continued  for  a  few  seconds  and  the  mixture  then 
allowed  to  cool.  The  rapidity  with  which  the  glucosazone  crystab 
separate  out  depends  somewhat  upon  the  specific  gravity  of  the  urine. 
If  this  is  low  they  form  in  a  few  minutes,  even  though  the  amount 
of  sugar  does  not  exceed  0.05  per  cent.  If,  on  the  other  hand,  the 
specific  gravity  is  high,  yellow  balls  and  thornapple  forms  result, 
while  typical  rosettes  develop  only  after  twenty  to  thirty  minutes,  and 
at  times  one  is  even  then  left  in  doubt  as  to  the  result.  If  the  urine 
contains  more  than  0.2  per  cent,  of  sugar,  however,  even  though  the 
specific  gravity  be  high,  the  formation  of  typical  crystals  occurs  within 
a  few  minutes.  If  with  this  modification  no  crystals  are  obtained  at 
the  expiration  of  an  hour,  we  may  infer  that  no  sugar  is  present. 

This  test,  properly  applied,  is  undoubtedly  not  only  the  most  deli- 
cate, but  at  the  same  time  the  most  reliable,  as  no  other  substances 
which  may  be  present  in  the  urine,  excepting  maltose  and  certain 
pentoses,  will  give  rise  to  the  formation  of  an  osazone.  Hence,  when- 
ever doubt  is  felt  as  to  the  nature  of  a  substance  reacting  in  a  posi- 
tive manner  with  the  reagents  described  above,  recourse  should  be 
had  to  this  test.  It  has  been  stated  that  maltose  forms  an  exception; 
this,  however,  will  never  become  embarrassing,  as  the  microscopic 
appearance  of  the  maltosazone  crystals  differs  from  that  of  the  phenyl- 
glucosazone.  The  melting  point  of  phenylglucosazone  (205*^  C), 
moreover,  is  about  15°  C.  higher  than  that  of  the  maltosazone — 
190°  to  191°  C.  To  determine  this  point,  it  is  necessary  to  filter 
off  the  osazone,  and,  after  washing  with  water,  to*  dissolve  it  upon  a 
filter  by  means  of  a  little  hot  alcohol.  From  this  alcoholic  solution 
it  is  reprecipitated  by  water,  when  it  may  be  collected  and  dried  over 
sulphuric  acid.  The  melting  point  is  then  determined  according  to 
the  usual  methods. 

The  pentosazones  also  can  be  readily  distinguished  from  glucosazone 
by  their  melting  points  (which  see). 

The  amount  of  lactose  which  may  be  found  in  the  urine  is  far  too 
small  to  give  rise  to  the  formation  of  an  osazone  when  the  test  is 
directly  applied  to  the  urine. 

With  the  conjugate  glucuronates  phenylhydrazin  also  combines  to 
form  crystalline  compounds,  but  these  may  likewise  be  distinguished 
by  their  melting  points  and  the  form  of  the  crystals.  Such  com- 
pounds, moreover,  are  usually  not  present  in  amounts  sufficient  to 
give  rise  to  confusion.    (See  Glucuronic  Acid.) 

Polarimetric  Test. — Glucose  turns  the  plane  of  polarized  light 
to  the  right,  but  the  same  may  be  said  of  maltose,  the  degree  of 
polarization  of  which  is  even  more  marked,  so  that  it  may  be  impos- 
sible to  state  in  a  given  case  whether  such  rotation  is  referable  to  a 
large  quantity  of  glucose  or  to  a  smaller  quantity  of  maltose.    The 
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latter  substance,  however,  occurs  in  the  urine  but  rarely,  and  may  be 
recognized  not  only  by  the  microscopic  appearance  of  its  osazooe, 
but  also  by  the  fact  that  its  power  of  reduction  is  increased  in  the 
presence  of  sulphuric  acid  and  by  the  application  of  heat 

An  error  which  may  further  arise  with  the  employment  of  the 
polarimetric  method  is  referable  to  the  fact  that  if  glucose  is  pres- 
ent in  only  small  amounts,  while  the  urine  contains  large  quantities 
of  /3-oxybutyric  acid,  the  latter  turning  the  plane  of  polarized  light 
to  the  left,  it  may  happen  that  the  rotation  in  this  direction  will  neu- 
tralize or  even  counterbalance  any  rotation  to  the  right,  which  nuj 
be  due  to  glucose.  In  such  cases,  however,  the  urine  will  react  in  a 
positive  manner  with  the  other  reagents  described,  and  the  fermented 
urine  will,  moreover,  turn  the  plane  of  polarization  still  more  strongly 
to  the  left,  indicating  the  presence  of  a  dextrorotatory  substance,  and 
in  all  probability  of  glucose. 

The  delicacy  of  this  method  varies  with  the  instrument  employed; 
the  figures  given  below  were  obtained  with  the  apparatus  of  Uppich, 
which  yields  the  best  results.  (For  a  description  of  this  method  sec 
the  Quantitative  Estimation  of  Sugar  by  Means  of  the  Polarimeter.) 

Table  showing  the  Delicacy  of  the  Tests  described. 

Trommer's  test 9-99^    percent. 

Fehling's  test 


Nylander's  test   . 
Fermentation  test 
Phenylhydrazin  test 
Polarimetric  test 


0.0008 
0.025 
0.1-0.05 
0.025-0. 05  " 
0.025-0.05  " 


Table  showing  the  Behavior  of  the  Various  Forms  of  Sugar  which 

MAY   OCCUR    IX   THE    UrINE   TOWARD   THE   TeSTS   DESCRIBED. 


Trommer'a,  viz., 
Fehling's  test. 


Nylander's      Fermenta-    i    Phenylhydraxin 
test.  tion  t«8t.     ,  test. 


Polarimetric 
test. 


Glucose. 


Positive  reaction. 


I^vulose.      Positive  reaction. 


Maltose.        Positive  reaction. 


Lactose.         Positive  reaction. 


Positive 
reaction. 

Positive 
reaction. 


Positive 
reaction. 


Positive 
reaction. 


Laioss  Positive      reaction 

on  IxnlinK  only; 
1.2-1.8  per  cent, 
more  is  obtain- 
ed than  by  the 
polarimeter.  i 


Positive 
reaction. 


Positive 
reaction. 


Positive 
reaction. 


I 


Positive 
reaction. 


I 


No  reaction  i 
or  only  ai 
very  faint; 
one.  i 


No  reaction. 


Positive  reaction; 
melting       point , 
205°  C. 

Same  osasone  ob- 
tained    as    with' 
glucose,        oTily 
more  rapidly.      i 


Rotation    toward 
the  right. 


Rotation   toward 
the  left. 


A  maltosaxone  isi  Rotation    toward 
formed:  melting'     the  right, 
point   190°-191^' 
C. 


No  reaction  in  the 
concentration  in 
which  it  may  oc- 
cur in  the  urine; 
melting  point 
200°  C. 

With  phenyl  hy- 
drann  a  yellow- 
ish-brown, non- 
erystallixable  <ul 
is  obtained. 


Rotation  toward 
the  right;  in- 
creased by  boil- 
ing with  a  2.5  per 
cent,  solution  of 
sulphuric  acid. 

No  reaction,  or 
rotation  toward 
the  left. 
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Clinically,  it  is  unimportant  to  search  for  minute  traces  of  sugar, 
such  as  may  be  f ouncji  in  every  normal  urine,  and  the  reader  is  referred 
to  special  works  on  physiological  chemistry  for  a  consideration 
of  the  methods  generally  employed.  (See  method  of  Baumann  and 
V.  Udranszky.) 

Qnantitatiye  Estimation  of  Sugar. — ^The  methods  used  in  the 
quantitative  estimation  of  sugar  are  essentially  based  upon  the 
qualitative  tests  described. 

Fehling'fl  Method. — ^The  Fehling  solution  (see  above:  qualitative 
tests)  must  be  accurately  standardized  as  follows:  0.2375  gram  of 
pure  crystallized  cane  sugar,  dried  at  100*^  C,  is  dissolved  in  40  c.c. 
of  distilled  water,  to  which  22  drops  of  a  10  per  cent,  solution  of  sul- 
phuric acid  have  been  added.  This  solution  is  kept  on  the  boiling 
water  bath  for  an  hour,  when  it  is  allowed  to  cool  and  diluted  to 
100  c.c.  with  distilled  water;  20  c.c.  of  this  solution  will  then  con- 
tain exactly  0.05  gram  of  glucose,  corresponding  to  10  c.c.  of 
Fehling's  solution,  if  this  is  of  the  required  strength.  If  too  strong, 
so  that  21  c.c.  of  the  sugar  solution,  for  example,  are  required  to 
obtain  a  complete  reduction  of  the  copper,  the  strength  of  Fehling's 
solution  may  be  determined  according  to  the  equation:  20:  0.05:  : 
21:  x\  and  a;= 0.0525.  If  too  weak,  on  the  other  hand,  so  that  19 
c.c,  for  example,  are  required,  its  strength  is  similarly  determined: 
20:  0.05:  :  19:  x;  and  a:= 0.0475. 

If  the  solution  is  of  the  theoretically  required  strength  10  c.c.  will 
correspond  to  0.05  gram  of  glucose. 

If  then  urine  is  added  to  this  quantity  until  complete  reduction 
has  taken  place,  the  amount  of  sugar  in  a  given  specimen  of  urine 
can  be  calculated  according  to  the  following  equation: 

y  :  0.05  : :  100  :  x;  and  x  «^, 

y 

in  which  y  indicates  the  number  of  cubic  centimeters  of  urine  required 
to  reduce  the  10  c.c.  of  Fehling's  solution,  and  x  the  amount  of  sugar 
contained  in  100  c.c.  of  urine. 

As  the  best  results  are  obtained  if  from  5  to  10  c.c.  of  urine  are 
used  in  one  titration,  it  is  often  necessary  to  dilute  the  urine  to  this 
end;  in  the  determination  of  this  point  the  specific  gravity  may  serve 
as  a  guide.  As  a  general  rule,  urines  of  a  specific  gravity  of  1.030 
should  be  diluted  five  times,  and  if  the  density  is  still  higher  ten 
times.  Albumin,  if  present,  must  first  be  removed  by  boiling:  10 
C.C.  of  Fehling's  solution  diluted  with  40  c.c.  of  water  are  placed 
in  a  porcelain  dbh  and  boiled.  While  boiling,  the  diluted  urine 
b  added  from  a  burette,  0.5  c.c.  at  a  time,  when,  as  a  rule,  the 
precipitated  cuprous  oxide  will  settle,  so  that  the  white  sides  of  the  dish 
may  be  seen  through  the  blue  field.  In  my  experience  it  is  very  helpful 
to  boil  the  mixture  for  a  few  moments  after  every  addition  of  urine  and 
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to  stir  thoroughly  each  time  with  a  rubber-tipped  rod.  In  this  way 
the  precipitate  is  prevented  from  forming  a  coating  on  the  vessd  and 
settles  down  more  readily.  As  the  end  point  is  reached  every  trace 
of  blue  has  disappeared  and  the  liquid  has  a  faint  yellowish  tinge 
owing  to  beginning  caramelization  of  the  excess  of  sugar  by  the  causdc 
alkali. 

If  any  doubt  should  arise  whether  the  end  point  has  been  readied, 
tiny  droplets  of  the  mixture  should  be  placed  upon  ferrocyanide  paper 
(prepared  by  soaking  filter  paper  in  a  moderately  dilute  solution  of 
potassium  ferrocyanide) .  If  unreduced  copper  is  still  present  a  brown 
color  results.  The  result  is  regarded  as  positive  only,  if  the  brown 
develops  at  once.  If  it  occurs  only  after  several  seconds  the  final 
point  has  been  reached  or  passed. 

Prolonged  boiling  always  brings  some  copper  into  solution  again. 
It  is  hence  advisable  to  make  two  examinations  always,  the  one 
approximately  only,  and  the  second  as  the  final  one. 

The  calculation  is  then  made  as  indicated  above. 

Example. — ^The  volume  of  urine  for  twenty-four  hours  was  4000 
c.c.  It  was  diluted  five  times;  6  c.c.  of  the  diluted  urine  brought 
about  the  complete  reduction  of  10  c.c.  of  Fehling's  solution;  the  6 
c.c.  hence  contained  0.05  gram  of  sugar;  100  c.c,  accordingly,  con- 
tained 0.833  gram.  As  the  urine  had  been  diluted  five  times  thb 
figure  must  be  multiplied  by  5  =  4.165,  which  is  the  percentage  for  the 
native  urine.  The  amount  for  the  twenty-four  hours  was  hence 
4.165  =  40  (hundreds)  X  166.6  grams. 

Gerrard  and  Allan's  Method  (Modified  by  Rudisch  and  Celler).^ 
— To  obviate  some  of  the  diflBculties  which  attach  to  Fehling^s 
method  Rudisch  and  Celler  have  recently  suggested  the  following 
modification  of  Gerrard  and  Allan's  method: 

**To  four  parts  by  volume  of  a  50  per  cent,  solution  of  potassium 
sulphocyanate,  chemically  pure,  is  added  one  part  by  volume  of  a 
mixture  of  equal  parts  of  Fehling's  copper  sulphate  and  alkaline 
solutions.  25  c.c.  of  this  solution  are  placed  in  a  porcelain  dish, 
and  the  urine  to  be  tested  added  drop  by  drop  from  a  burette  until 
the  blue  color  of  the  copper  entirely  disappears.  Throughout  the 
titration  the  solution  should  be  slowly  boiled  and  constantly  stirred 
with  a  glass  rod.  The  end  reaction  is  extremely  sharp,  the  fluid 
becoming  colorless  or  assuming  a  faint-yellow  tinge.  The  advantages 
of  this  method  are :  (1 )  only  one  titration  is  necessary,  as  potassium 
sulphocyanate  does  not  decolorize  the  copper  solution;  (2)  potassium 
sulphocyanate  is  not  poisonous;  (3)  as  the  mixture  is  stable  a  con- 
siderable quantity  may  be  made  to  be  kept  as  'stock.'  Such  a 
'stock'  solution  was  found  to  be  unaffected  after  four  months' 
exposure  to  heat  and  sunlight. 

*  Jour.  Amer.  Med.  Assoc,  January  26,  1907. 
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''  With  aqueous  solutions  of  glucose  ranging  from  0.25  to  6  per 
cent,  the  results  obtained  with  this  method  and  with  the  polari- 
soope  are  identical.  With  diabetic  urines,  however,  variations  of 
from  0.03  to  0.25  per  cent,  are  occasionally  found — differences  that 
are  too  small  to  be  of  clinical  significance.  These  variations  ar^ 
explicable  on  two  grounds.  First,  substances  other  than  glucose 
(creatinin,  uric  acid,  glucuronic  acid)  reduce  copper  and  give  too 
Ugh  a  reading  with  Fehling's  solution;  secondly,  levorotating  sub- 
stances (albumin,  levulose,  ^-oxybutyric  acid)  may  coexist  with  the 
glucose  in  the  urine,  giving  too  low  a  percentage  with  the  polariscope. 
To  estimate  properly  the  quantity  of  dextrose  in  any  given  specimen, 
therefore,  it  b  necessary  to  make  determinations  both  with  the  copper 
solution  and  with  the  polariscope.  Should  the  former  indicate  a 
higher  percentage  than  the  latter,  levulose  should  be  suspected  and 
tested  for  with  the  Seliwanoff  resorcin-hydrochloric  acid  method. 
In  the  absence  of  levulose  the  most  probable  disturbing  factor  is 
^-oxybutyric  acid,  as  albumin  and  other  levorotators  are  precipitated 
when  the  urine  is  cleared  with  lead  acetate  for  the  polariscope. 

''Although  with  undiluted  urines  containing  large  amounts  of 
dextrose  satisfactory  results  have  been  obtained  with  this  method, 
the  extreme  care  necessary  in  titrating  under  these  conditions  makes 
it  advisable  to  dilute  such  urine  from  five  to  ten  times.  It  is  preferable 
to  examine  specimens  when  fresh,  but,  should  it  become  necessary  to 
employ  preservatives,  toluol,  salicylic  acid,  or  carbolic  acid  may  be 
added  in  small  quantities  without  markedly  interfering  with  the  reac- 
tion. Chloroform,  on  the  other  hand,  must  be  avoided,  as  even  in 
minute  traces  its  presence  vitiates  the  test. 

"  In  calculating  the  percentage  of  sugar  by  the  above  method  it 
must  be  remembered  that  the  titre  of  the  copper  solution  is  unchanged 
by  the  addition  of  the  solution  of  potassium  sulphocyanate,  and  that 
the  mixture  represents  Fehling's  solution  diluted  five  times.  Each 
CO.  of  the  reagent  will  therefore  be  reduced  by  1  mgm.  of  sugar. 

"  For  example,  if  for  the  decolorization  of  25  c.c.  of  the  mixture, 
equivalent  to  25  mgm.  of  sugar,  1.2  c.c.  of  undiluted  urine  are  used, 
then  1  C.C.  of  the  urine  will  decolorize  25  divided  by  1.2=20.8  c.c.  of 
the  reagent,  equivalent  to  28.8  mgm.  of  sugar,  or  2.08  per  cent. 

"  If  0.76  C.C.  of  urine  decolorize  25  c.c.  of  the  reagent,  1  c.c.  will 
decolorize  25  divided  by  0.75=33.3  c.c.  of  reagent,  equivalent  to  33.3 
mgm.  of  sugar,  or  3.33  per  cent." 

Differential  Density  Method.^  —  This  method  is  very  useful  in 
clinical  work,  and  should  be  preferred  to  the  more  uncertain  titra- 
tion with  Fehling's  solution. 

The   specific   gravity  is  accurately    ascertained  by  means  of  a 

»  Roberts,  Lancet,  1862,  i,  p.  21.  Wonn-MuUer,  Pfliiger's  Archiv,  1884,  vol. 
xxxiii,  p.  211,  and  1885,  vol.  xxxvii,  p.  479. 
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pyknometer,  or  a  hydrometer  graduated  to  the  fourth  decinial  and  pro- 
vided with  a  thermometer  indicating  tenths  of  a  degree.  The  tempera- 
ture at  which  the  specific  gravity  is  taken  should  be  that  for  wfaidi  the 
hydrometer  has  been  constructed,  the  urine  being  heated  or  cooled 
to  the  desired  degree;  100  to  200  c.c.  are  set  aside  in  a  fla^, 
loosely  stoppered  after  the  addition  of  a  small  piece  of  yeast,  which 
should  be  finely  divided.  After  twenty-four  hours  if  but  little  sugar 
is  present,  or  forty-eight  hours  if  there  is  much,  the  specific  gravity 
is  again  determined  under  the  precautions  given,  after  having  filtered 
the  urine.  The  diflFerence  in  the  specific  gravity  is  multiplied  by  230, 
an  empirical  factor  which  has  been  found  by  dividing  the  amount  of 
sugar  ascertained  by  titration  or  polarization  with  the  difference  in 
the  density  of  the  urine  after  fermentation.  The  result  indicates  the 
percentage  of  sugar.  Evaporation  must  be  guarded  against  by  using 
a  bulbed  safety  tube  containing  some  alkaline  solution. 

The  process  may  be  hastened  if  to  each  100  c.c.  of  urine  2  grams 
of  potassium  and  sodium  tartrate  and  2  grams  of  diacid-sodium  phos- 
phate are  added,  with  10  grams  of  compressed  yeast,  and  the  mixture 
is  kept  at  a  temperature  of  from  30°  to  34*^  C.  If  but  little  sugar  is 
present,  two  or  three  hours  will  be  sufficient.  That  portion  of  the 
urine  of  which  the  specific  gravity  is  determined  before  fermentation 
should  really  be  treated  in  the  same  manner.  It  will  suffice,  however, 
to  add  0.022  to  the  specific  gravity  found,  to  make  up  for  the  increase 
that  would  otherwise  be  observed  in  the  second  specimen  owing  to 
the  addition  of  the  salts. 

In  every  case  the  urine  must  be  perfectly  fresh,  as  fermenta- 
tion generally  begins  spontaneously,  even  after  standing  a  short 
time. 

Einhom's  Method.  —  This  will  answer  very  well  for  ordinar}' 
purposes.  Two  especially  constructed  and  graduated  saccharimetric 
tubes  (see  Fig.  148)  are  used,  one  of  which  is  filled  with  a  mixture  of 
the  suspected  urine  and  yeast,  and  the  other  with  normal  urine  and 
yeast,  as  a  control.  The  examination  in  general  is  conducted  as 
described  before.     (See  Qualitative  Tests  for  Sugar.) 

Lohnstein's  Method.  —  A  very  convenient  modification  of  Ein- 
horn's  instrument,  and  one  furnishing  more  accurate  results,  has  been 
introduced  by  Ix)hnstein.^  As  will  be  seen  from  the  accompanying 
figure  (Fig.  149),  this  is  essentially  a  U-tube  open  at  both  ends.  The 
longer  limb  is  closed  during  the  process  of  fermentation  by  a  ground- 
glass  stopper.  This  stopper  is  provided  with  an  air-hole,  to  which  a 
similar  hole  corresponds  in  the  drawn-out  portion  of  the  tube.  The 
apparatus  is  filled  with  the  urine  to  be  examined,  through  the  bulb  A, 
while  the  two  air-holes  at  B  are  in  communication.  Care  should  be 
had  that  the  liquid  stands  exactly  at  the  mark  0.     The  stopper  is 

*  "  Ein  neues  Giihrungssaccharometer,"  Berlin,  klin.  Woch.,  1898,  p.  866. 
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then  turned  so  that  all  commtinication  between  the  air  and  the  urine 
is  cut  off.  A  httle  mercury  is  finally  poured  into  the  saccharimeter, 
when  the  instrument  is  maintained  at  a  temperature  of  about  30"^  to 
38°  C.    After  twelve  hours  the  percentage  of  sugar  is  read  off  directly. 

Precautions:  1.  As  every  urine  contains 
traces  of  free  carbon  dioxide,  it  is  well  to 
remove  this  by  boiling  if  we  have  reason  to 
suppose  that  only  a  small  amount  of  sugar 
is  present.  Before  adding  the  yeast  the 
urine  is,  of  course,  cooled  to  the  surround- 
ing temperature. 

2.  As  the  instrument  yields  satisfactory 
results  only  if  the  urine  contains  less  than 
1  per  cent,  of  sugar,  it  is  necessary  to 
dilute  it  with  water  when  more  is  present. 
The  specific  gravity  may  here  serve  as  an 
index;  urines  of  a  specific  gravity  up  to 
LOlSare  examined  directly;  from  1.018  to 
1.022  they  are  diluted  twice,  from  1.022 
to  1.028  five  times,  and  those  above  1.028 
ten  times. 

3.  A  test-tube,  provided  with  the  neces 
saiy  marks  to  indicate  the  degree  of  dilu- 
tion of  the  urine,  accompanies  the  instru- 
ment. In  every  case  a  globule  of  yeast, 
approximately  6  to  8  mm.  in  diameter,  is 
added  to  the  urine  and  shaken  in  the  tube 


I 
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until  an  even  suspension  has  been  reached.^     (See  also  QualitatiTe 
Tests  for  Sugar.) 

Polarimetric   Method. — For   this   purpose   the   saecharimeter  of 
Soleil-Ventzke  is  very  convenient  (Fig.  150).     This  consists  esseo- 
tially  of  a  Nicol  prism,  A,  which  may  be  rotated  about  the  axis  of 
the  apparatus;  a  second  Nicol  prism,  at  D;  vertically  placed  com- 
pensating prisms,  consisting  of  dextrorotatory  quartz,  at  JE,  whkii 
may  be  moved  horizontally  by  means  of  a  rack-and-pinion  adjust- 
ment, turned  by  a  milled  head  at  Ky  so  that  light  can  pass  throu^  a 
thicker  or  thinner  layer  of  the  dextrorotatory  quartz.     At  F  is  a  piatc 
of  levorotatory  quartz  cut  perpendicularly  to  the  optical  axis,  and 
covering  the  entire  field  of  vision;  at  H  biquartz  plates  of  Soleil,  and 
at  /  an  Iceland-spar  crystal;  B  and  C  represent  a  small  telescope,  by 
means  of  which  the  biquartz  plates  can  be  accurately  focussed. 
When  the  compensation  prisms  of  this  apparatus  are  in  a  certain 
position  the  levorotation  of  the  plate  F  will  be  exactly  compensated, 
and  the  two  halves  of  the  field  of  vision  present  the  same  color,  while 
the  zero  of  the  scale  X  will  coincide  with  the  zero  of  the  vernier  7, 
arranged  on  the  upper  surface  of  the  compensators.     Any  change  in 
this  position  produced  by  turning  the  screw  K  will  cause  the  appear- 
ance of  a  different  color  in  each  half  of  the  field  of  vision.    If  now,  with 
a  zero  position,  an  optically  active  dextrorotatory  or  levorotatoiy  sub- 
stance is  interposed,  the  color  of  each  half  of  the  field  of  vision  will 
become  altered,  but  may  be  equalized  again  by  changing  the  position 
of  the  compensators,  the  degree  of  change  necessary  to  produce  this 
result  constituting  an  index  of  the  power  of  rotation  of  the    solution 
interposed  in  the  tube  M. 

Soleil- Ventzke's  apparatus  is  constructed  in  such  a  manner  that 
if  a  solution  of  glucose  is  employed,  the  length  of  the  tube  M  being 
10  cm.,  every  entire  line  of  di\dsion  on  the  scale  will  indicate  1  per 
cent,  of  sugar. 

The  tube  of  the  saecharimeter  should  be  carefully  washe<l  out  with 
distilled  water,  and  at  least  once  or  twice  with  the  filtered  urine, 
when  it  is  placed  on  end  upon  a  flat  surface  and  filled  with  the  urine, 
so  that  this  forms  a  convex  cup  at  the  end.  The  glass  plate  is  now 
carefully  adjusted,  so  as  to  guard  against  the  admission  of  bubbles 
of  air.  The  metallic  cap  is  placed  in  position,  care  being  taken  to 
avoid  undue  pressure.  The  examinations  are  made  in  a  dark  room; 
an  ordinary  lamp  is  used,  and  several  readings  are  taken,  until  the 
differences  do  not  amount  to  more  than  0.1  or  0.2  per  cent.  The 
tubes  should  be  thoroughly  cleansed  immediately  after  the  experiment. 

In  every  case  the  filtered  urine  should  be  free  from  albumin,  and, 
if  markedly  colored,  should  be  previously  treated  with  neutral  lead 
acetate  in  substance  and  filtered. 

^  Lohnstein's  saecharimeter  may  be  procured  from  R.  Kaltmeyer  &  Co.,  Oiun^ 
jenburger  Str.  45,  Berlin. 
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If  it  is  only  desired  to  demonstrate  the  presence  of  sugar,  the 
compensators  are  first  brought  to  the  zero  position.  If  now,  upon 
interposition  of  the  tube  filled  with  urine,  a  difference  in  the  color 
of  the  two  halves  of  the  field  of  vision  is  noted,  the  presence  of  an 
optically  active  substance  in  the  urine  may  be  assumed;  and  if  the 
deviation  is  at  the  same  time  to  the  right,  the  presence  of  glucose  is 
rendered  highly  probable,  while  a  deviation  to  the  left  will  generally 
be  referable  to  levulose  or  /9-oxybutyric  acid.  Indican,  peptones 
(albumoses),  cholesterin,  and  certain  alkaloids,  it  is  true,  also  turn 
the  plane  of  polarization  to  the  left;  but  as  a  rule  these  substances 
need  not  be  considered,  as  cholesterin  occurs  but  rarely,  and  indican 
is  usually  present  in  only  small  amounts  in  diabetic  urines.  Albu- 
moses, if  present,  must  first  be  removed.  Lactose  and  maltose, 
which  also  turn  the  plane  of  polarization  to  the  right,  may  be  dis- 
tinguished from  each  other  and  from  glucose  by  the  phenylhydrazin 
test.  Levulose  turns  the  plane  of  polarization  to  the  left.  Oxy- 
butyric  acid  is  practically  always  associated  with  the  presence  of 
glucose,  and  may  be  recognized  by  allowing  the  urine  to  undergo 
fermentation,  when  the  filtered  urine  will  become  distinctly  levo- 
rotatory. 

Lactose. — Lactose^  is  a  normal  constituent  of  the  urine  during  the 
last  weeks  of  pregnancy  and  the  first  weeks  following  childbirth. 
The  antepartum  lactosuria  usually  amounts  to  about  1  gram  pro 
liter,  but  may  reach  2  grams  and  rarely  even  higher  figures.  The 
postpartum  lactosuria  is  more  marked.  It  reaches  its  maximum 
between  the  third  and  fifth  day  after  labor,  the  amount  varying  be- 
tween 1  and  8  grams  pro  liter. 

After  lactation  is  once  well  established  lactose  is  not  usually  found 
in  the  urine,  but  it  may  occur  if  for  any  reason  milk  stasis  occurs. 

Occasionally  lactosuria  is  accompanied  by  a  mild  grade  of  gluco- 
suria. 

An  alimentary  lactosuria  may  follow  the  ingestion  of  60  grams  of 
lactose,  though  as  a  general  rule  120  grams  may  be  regarded  as  the 
limit  of  tolerance. 

The  presence  of  lactose  may  be  inferred  if  a  positive  result  is 
obtained  with  Trommer's  and  Nylander's  tests,  while  the  phenyl- 
hydrazin and  fermentation  tests  give  negative  results.  An  osazone 
may,  however,  be  obtained  from  the  isolated  substance. 

Levulose.' — An  alimentary  levulosuria  occurs  after  the  ingestion  of 
more  than  140  to  160  grams  of  sugar.     In  severe  cases  of  diabetes 


*  De  SinetjT,  Maly's  Jahresber.,  1874,  vol.  iii,  p.  134.  Hempel,  Arch.  f.  Gynak., 
_J75,  vol.  viii,  p.  312.  Ney,  ibid.,  1889,  vol.  xxxv,  p.  239.  F.  Hofmeister, 
"Ueber  Laktosurie,''  Zeit.  f.  physiol.  Chem.,  1877,  vol.  i,  p.  101  (lit.).     F.  A 


Lemaire,  ibid.,  1896,  vol.  xxi,  p.  442.    Commandeur  and  Porcher,  Arch.  g^n.  de 
m^.,  1904,  pp.  2241  to  2305. 

'  Seegen,  Centralbl.  f.  d.  med.  Wiss.,  1884,  vol.  xxii,  p  753.    H.  Rosin  and  L. 
Labaud,  Zeit.  f.  klin.  Med.,  vol.  xlvii,  Heft  1  u.  2. 
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levulose  may  be  found  in  the  urine  together  with  glucose,  evai  thou^ 
the  food  contains  neither  levulose  nor  other  carbohydrates.  Sudi 
an  occurrence  is  regarded  as  a  grave  omen. 

Spontaneous  levulosuria  unaccompanied  by  glucosuria  has  also 
been  described.  Such  urines  show  a  deviation  to  the  left  or  none  at 
all,  while  the  other  tests  for  sugar  indicate  the  presence  of  a  redudng 
substance. 

Maltose. — Maltose,  together  with  glucose,  was  first  found  in  the 
urine  of  a  patient  supposedly  the  subject  of  pancreatic  disease,  asso- 
ciated with  an  acholic  condition  of  the  stools.  Since  that  time  it 
has  been  repeatedly  observed  in  diabetic  patients.  In  one  case  the 
amount  was  27.8  grams  pro  liter.  Similar  results  have  been  obtained 
in  dogs  after  extirpation  of  the  pancreas.^  Its  recognition  is  prac- 
tically dependent  upon  the  formation  of  its  osazone  and  a  deter- 
mination of  the  melting  point  of  the  latter.  Such  urines,  moreover, 
show  a  larger  percentage  of  sugar  on  polarization  than  on  titration 
with  Fehling's  solution.  At  the  same  time  it  will  be  observed  that 
on  heating  for  two  hours  with  hydrochloric  acid  at  106^  F.  the  polari- 
metric  values  become  smaller,  while  the  titration  values  increase. 

Dextrin.^ — In  one  case  of  diabetes  dextrin  appeared  to  take  the 
place  of  glucose.  It  may  be  recognized  by  the  fact  that  upon  the 
application  of  Fehling's  test  the  blue  liquid  first  becomes  green, 
than  yellow,  and  sometimes  dark  brown.  Traces  of  dextrin  are 
probably  present  in  every  urine,  but  cannot  be  demonstrated  with 
the  common  tests. 

Laiose.^ — I^aiose  has  been  found  in  the  urine  of  a  diabetic  patient. 
It  is  essentially  characterized  by  the  fact  that  on  titration  with  Feh- 
ling's  solution  from  1.2  to  1.8  per  cent,  more  sugar  is  indicated  than 
by  the  polarimetric  method. 

Pentoses. — Traces  of  pentoses  probably  occur  in  every  urine,  but 
are  not  demonstrable  by  the  common  tests.  Somewhat  larger  amounts 
may  be  found  after  the  ingestion  of  fruit  which  is  rich  in  pentoses, 
such  as  huckleberries,  plums,  cherries  etc.  (alimentarj'  pentosuria). 
The  tolerance  of  pentoses  normally  is  less  than  30  to  50  grams.  If 
such  amounts  are  taken  one-half  usually  reappears  in  the  urine. 

Marked  pentosuria  has  been  described  in  a  morphine  habitu^ 
by  Salkowski  and  Jastrowitz,  where  it  alternated  with  glucosuria. 
Similar  cases  have  been  reported  by  Real,  Kiilz,  and  Vogel,  and  others 
have  observed  pentosuria  in  diabetes.  Several  cases  have  been 
described  in  apparently  normal  indi\aduals  and  of  late  a  family  ten- 
dency to  pentosuria  has  been  observ^ed  in  some  cases.  In  these  idio- 
pathic cases  arabinose  is  found,  while  xylose  and  rhamnose  are  met 
with  in  the  alimentary  type  of  the  anomaly. 

*  Lupine  and  Boulud,  Compt.-rend.,  vol.  cxxxii,  p.  610. 

*  Reichard,  Maly's  Jahresber.,  1876,  vol.  v,  p.  60. 
^  Leo,  Virchow's  Archiv,  vol.  cvii. 
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Pentose  urines  reduce  Fehling's  solution  and  Nylander's  solution, 
and  give  rise  to  the  formation  of  an  osazone  when  treated  with  phenyl- 
hydrazin.  The  osazone  can  be  distinguished  from  that  obtained  from 
glucose,  maltose,  or  lactose,  etc.,  by  the  melting  point  (169°  to  160° 
C.)-  The  fermentation  test  b  negative.  Xylose  and  rhamnose  turn 
the  plane  of  polarization  to  the  right,  while  arabinose  is  optically 
inactive.  The  presence  of  pentoses  can  be  definitely  established 
with  the  orcin  test. 

Ordn  Test  (Bial's  Modification^  of  ToUens'  Test).— The  reagent 
consists  of  1  gram  of  orcin  and  25  drops  of  the  liquor  ferri  chloridi  in 
500  C.C.  of  a  30  per  cent,  solution  of  hydrochloric  acid.  A  few  c.c. 
of  this  are  heated  to  boiling  in  a  test-tube  and  treated  with  a  few  drops 
of  urine.  A  green  color  develops  in  the  presence  of  pentoses.  The 
green  pigment  can  be  extracted  with  amyl  alcohol,  and  on  spectro- 
scopic examination  it  gives  rise  to  a  weU-defined  band  of  absorption 
in  the  red  portion  of  the  spectrum  near  the  yellow  border. 

ToUens'  Phlorogladn  Test,  in  which  phloroglucin  is  substituted  for 
the  orcin,  and  in  which  a  deep-red  color  is  obtained  in  the  presence 
of  a  pentose,  may  also  be  used,  but  the  reagent  indicates  the  presence 
of  glucuronates  as  well. 

Literature.— B.  Salkowski  u.  M.  Jastrowitz,  "Ueber  eine  bisher  nicht  beo- 
bachtete  Zuckerart  im  Ham/'  Centralbl.  f.  d.  med.  Wiss.,  1892,  No.  19.  E. 
Salkowski,  ^*  Ueber  d.  Pentosurie,"  Berlin,  klin.  Woch.,  1895.  No.  17.  F.  Blumen- 
thai,  ibid..  No.  26;  and  Zeit.  f.  klin.  Med.,  vol.  xxxvii,  p.  415.  E.  Kiilz  u.  J. 
Vo«bI,  Zeit.  f.  Biol.,  N.  F.,  1896,  vol.  xiv,  p.  189.  E.  Salkowski,  "  Ueber  d. 
Voncommen  von  Pentosen  im  Ham,"  Zeit.  f  physiol.  Chem.,  1899,  vol.  xxvii, 
p.  587.  Bial,  Ueber  Pentosurie,  Zeit.  f.  klin.  Med.,  1900,  vol.  xxxix,  p.  472. 
Bendix,  Miinch.  med.  Woch.,  1903,  No.  36.  Bial,  Berhn.  klin.  Woch.,  1904, 
p.  552. 

Olucuronic  Add. 

Glucuronic  acid  is  derived  from  glucose,  and  constitutes  an  inter- 
mediary product  of  the  normal  metabolism  of  the  body.  In  the 
urine  it  is  found  only  in  combinatioti  with  certain  fatty  and  aromatic 
alcohob,  forming  compoimds  which  are  related  to  the  glucosides 
and  are  generally  spoken  of  as  the  conjugate  glucuronates.  Such 
bodies  have  been  observed  in  the  urine  following  the  ingestion  of 
chloral,  camphor,  naphtol,  oil  of  turpentine,  menthol,  phenol,  mor- 
phine, antipyrine,  etc.,  and  traces  may  also  be  obtained  from  nor- 
mal urines.  The  normal  glucuronates  are  undoubtedly  compounds 
of  glucuronic  acid  with  phenol,  paracresol,  indoxyl,  and  skatoxyl. 
Their  amount  is  exceedingly  small,  as  the  greater  portion  of  these 
bodies  is  normally  eliminated  in  combination  with  sulphuric  acid. 
According  to  P.  Mayer,  an  increased  elimination  of  glucuronates 

>  Deutsch.  med.  Woch.,  1903,  No.  27. 
32 
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precedes  alimentary  glucosuria.     Both  conditions  frequently  coexist 
in  diabetic  individuals. 

Of  the  quantitative  variations  of  the  normal  glucuronates  and 
their  relation  to  disease,  next  to  nothing  is  known.  Their  clinical 
interest  centres  in  the  fact  that  certain  glucuronates  are  capable  of 
reducing  copper  and  bismuth  in  alkaline  solution.  The  glucuioDiites 
are  readily  decomposed  by  boiling  with  1  per  cent.  H,SO^  (for  one  to 
five  minutes).  Unless  this  is  previously  done  reduction  of  the  alka- 
line copper  sulphate  solution  only  takes  place  slowly  on  prolonged 
heating.  But  if  the  cleavage  is  first  accomplished  it  occurs  at  once. 
Such  urines  do  not  undergo  fermentation.  The  glucuronates  turn  the 
plane  of  polarization  to  the  left,  while  glucuronic  acid  itself  is  dextro- 
rotatory. Like  the  pentoses,  the  glucuronates  give  a  positive  reaction 
with  phloroglucin,  while  they  do  not  react  with  orcin  (see  above). 
With  the  free  acid  phenylhydrazin  forms  crystalline  compounds. 

A  quantitative  method  has  recently  been  published  by  Neubeigan* 
Neumann.^ 

Literature. — H.  Thierfelder,  "  Ueber  d.  Bildung  v.  Glykurons&uie/'  etc. 
Zeit.  f.  physiol.  Chem.,  1886,  vol.  x,  p.  163;''Untersuchuneen  iiber  d.  QykuroE 
saure,"  ibid.,  1887,  vol.  xi,  p.  388.     P.  Mayer,  "  Ueber  d.  Ausscheidung  u. 
Nachweis  d.  Glykuronsaure,"  Berlin,  klin.  Woch.,  1899,  pp.  591  and  617. 
Mayer  u.  C.  Neuberg,  Zeit.  f  physiol.  Chem.,  1900,  vol.  xxix,  p.  256 


Inosit. 

According  to  Iloppe-Seyler,  traces  of  inosit  may  be  found  in 
the  urine  under  normal  conditions.  Somewhat  larger  quantities 
are  eliminated  following  the  ingestion  of  large  amounts  of  water, 
and  for  this  reason  possibly  inosituria  is  notably  observed  in  cases 
of  diabetes  insipidus,  in  diabetes  mcllitus,  and  in  ehronic  intersti- 
tial nej)hritis.  Its  occurn^nce  in  these  diseases  is,  however,  not 
constant.  The  substance  is  devoid  of  clinical  interest.  It  is  not  a 
carbohydrate,  but  belongs  to  the  aromatic  series,  and  is  commonly 
regarded  as  hexahydroxybenzol.  Its  formula  is  QHjjOj+HjO. 
For  methods  of  isolating  the  substance  from  the  urine,  the  reader  is 
referred  to  sj)ecial  works.' 


Urinary  Pigments  and  Chromogens. 

Under  normal  conditions  urochrome  and  uroervthrin,  to  which 
latter  the  red  color  of  urate  sediments  is  due,  are  the  only  pigments 
which  occur  preformc<l  in  the  urine.    In  disease,  on  the  other  hand, 

^  Zeit.  f.  physiol.  Choin.,  1905,  vol.  xliv,  p.  127. 

'  C.  K.  Simon,  Physioloirical  Cliemistry,  Lea  Bros.  &  Co. 
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ous  other  pigments  may  be  found,  which  occur  either  free  or 
he  form  of  chromogens.  Among  the  former  may  be  mentioned 
loglobin,  methemoglobin,  hematin,  hematoporphyrin,  urorubro- 
atin,  urofuscohematin,  urobilin,  the  biliary  pigments,  and  melanin ; 
e  abnormal  chromogens  are  met  with  following  the  ingestion  of 
lin  drugs,  such  as  santonin,  senna,  rheum,  iodine,  etc.,  as  also  in 
J  of  poisoning  with  carbolic  acid,  creosote,  etc.  The  occurrence 
►me  of  these  substances,  such  as  the  various  forms  of  blood  pig- 
:,  the  biliary  pigments,  and  indigo,  viz.,  indican,  is  of  considerable 
:?al  interest,  while  others  again  are  of  only  minor  importance. 
^Tmal  Pigments.  Urochrome. — ^To  the  presence  of  this  pig- 
:,  which  appears  to  be  identical  with  the  normal  urobilin  of 
Ulunn,  but  which  should  not  be  confounded  with  the  pathological 
Uin  of  Jaffi,  the  normal  yellow  color  of  the  urine  is  probably 
^ly  due.  It  is  supposedly  derived  from  bilirubin,  which  in  turn  is 
•able  to  hematin,  and  thus  from  the  hemoglobin  of  the  blood. 
L  order  to  obtain  urochrome  from  normal  urine,  this  is  acidulated 

1  to  2  grams  of  dilute  sulphuric  acid  pro  liter,  filtered,  and 
rated  with  ammonium  sulphate  in  substance,  when  the  flakes 
A  are  formed,  if  an  excess  of  the  salt  has  been  added,  are  dri.ed 
treated  with  warm,  slightljyammoniacal  absolute  alcohol;  the 
aent  is  then  obtained  upon  evaporation  of  the  alcohol, 
n  alcoholic  solution  of  urochrome,  like  the  urobilin  of  Jaff^, 
bits  a  beautiful  greenish  fluorescence  when  treated  with  ammonia 
a  few  drops  of  a  solution  of  zinc  chloride;  but,  unlike  the  latter 
itance,  its  acidulated  alcoholic  solutions  present  a  broad  band  of 
•rption  at  F,  which  extends  more  to  the  left  than  to  the  right  of 
line,  while  the  remainder  of  the  spectrum  is  at  the  satne  time 
•rbed  to  the  right  end,  from  a  point  somewhat  to  the  left  of  G. 
rod,  on  the  other  hand,  states  that  by  acting  upon  urochrome  with 
5  he  did  not  succeed  in  obtaining  any  product  showing  the  urobilin 
1  or  yielding  the  well-known  fluorescence  with  zinc  chloride  and 
loniap  But  a  substance  having  both  these  properties  was  readily  ob- 
jd  by  the  action  of  aldehyde  upon  an  alcoholic  solution  of  the  pig- 
t.  In  a  short  time — shorter  still  when  the  liquid  is  warmed — an 
rption  band  appears  like  that  of  urobilin,  and  the  tint  of  the  solu- 
deepens  to  a  rich  orange-yellow.  With  zinc  chloride  and  anunonia 
ilUant  green  fluorescence  appears,  and  the  band  is  shifted  toward 
•ed,  as  that  of  urobilin  is  under  Uke  circumstances.  The  process 
be  stopped  at  this  point  by  the  simple  addition  of  water,  for 
hyde  has  no  such  action  upon  aqueous  solutions  of  urochrome. 
lowever,  the  action  be  allowed  to  continue,  a  further  change 
es;  the  liquid  reddens,  and  a  second  band  appears  in  the  violet. 

fluorescence  can  still  be  obtained  with  zinc  chloride  and  am- 
ia,  and  both  bands  are  shifted  toward  the  red  and  are  closer 
ther  than  before.     The  reaction  with  aldehyde,  according  to 
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Garrod,  affords  a  very  delicate  test  for  the  presence  of  urochrome 
in  alcoholic  solutions.  The  product  of  the  earlier  stage,  althou^ 
it  is  not  identical  with  urobilin,  resembles  that  pigment  quite  as 
closely  as  the  products  obtained  from  bilirubin  and  hematin  by  the 
action  of  reducing  agents;  but  no  second  band  b  developed  whra 
aldehyde  is  added  to  an  alcoholic  solution  of  urobilin.^ 

By  the  action  of  potassium  permanganate  upon  urobilin  Biva 
and  Chiodera'  obtained  a  substance  closely  resembling  urochrome, 
and  a  similar  product  is  formed  when  an  aqueous  solution  of  uro- 
bilin containing  ether  is  evaporated  upon  a  water  bath.  Neither 
product  shows  any  absorption  band,  and  both  behave  as  urochrome 
does  when  it  is  acted  upon  by  aldehyde. 

Uroerythrin. — ^Uroerythrin  is  the  pigment  which  imparts  the  red 
color  to  crystals  of  uric  acid  and  the  pink  tint  to  urate  sediments. 
Under  strictly  normal  conditions  it  probably  does  not  occur  in  the 
urine,  but  it  readily  appears  with  the  sUghtest  deviation  from  health, 
and  when  present  in  larger  amounts  imparts  a  deep-orange  color 
to  the  urine.  Under  pathological  conditions  it  is  seen  especially 
in  cases  of  hepatic  insufficiency,  in  which  the  liver,  owing  to  a  greatly 
increased  destruction  of  red  corpuscles,  is  unable  to  transform  mto 
bile  pigment  all  the  blood  pigment  which  is  carried  to  it.  It  also 
occurs  when  an  absolute  insufficiency  on  the  part  of  the  hepatic  cells 
exists,  so  that  the  organ  is  not  even  capable  of  causing  the  transfor- 
mation of  a  normal  amount  of  hemoglobin.  Uroerythrin  is  seen  in 
notable  quantities  in  cases  of  cirrhosis  and  carcinoma  of  the  liver,  in 
passive  congestion  resulting  from  heart  disease,  in  acute  articular 
rheumatism,  gout,  pneumonia,  malarial  fever,  erv'sipelas,  spinal  cumi- 
ture,  etc.  In  typhoid  fever  a  marked  excretion  of  uroerythrin  is 
exceptional,  and  its  occurrence  has  been  associated  with  pulmonaiy 
complications.  In  nephritis  it  is  seldom  found  in  the  urine,  but 
Garrod  cites  an  instance  of  pneumonia  in  which  an  abundant  excre- 
tion of  the  substance  accompanied  conspicuous  albuminuria. 

In  certain  diseases,  such  as  hepatic  cirrhosis,  the  excretion  of 
uroerythrin,  as  also  of  urobilin,  is  said  to  be  much  diminished  when 
th(^  patient  is  placed  upon  a  milk  diet  (Riva). 

When  present  in  large  amounts  uroerj^thrin  is  readily  recognized 
by  the  salmon-red  color  which  it  imparts  to  urinary'  stHJiracnts. 
( )therwise  it  is  best  to  precipitate  the  urine  with  neutral  lead  acetate, 
barium  chloride,  or  a  similar  reagent,  when  in  the  absence  of  uro- 
erythrin a  milkv-white  precipitate  is  obtained,  while  a  pale  rose- 
colored  sediment  indicates  the  presence  of  the  pigment  in  appreciable 
amounts;  a  more  pronounced  rose  color  is  produced  if  large  quan- 
tities are  present.     In  every  case  at  least  ten  to  fifteen  minutes  shouM 

^  A.  E.  Garrod,  "Tho  Bradshaw  lecture  on  the  Urinary  Pigments  in  their 
Patliological  Aspects/'  Lancet,  Nov.  10,  1900. 
2  Arch.  ital.  di  Qin.  Med.,  1896,  vol.  xxxv,  p.  505. 
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allowed  to  elapse  before  forming  a  definite  conclusion,  so  that  the 
[iment  may  have  abundant  time  to  settle. 

If  onnal  Ghromogens. — ^l^he  chromogens  occurring  in  normal  urine 
:  indican,  urohematin,  and  an  unknown  chromogen  which  yields 
>rosein  when  treated  with  mineral  acids. 

[ndiean. — It  has  been  pointed  out  (see  Sulphates)  that  the  indol 
med  during  intestinal  putrefaction  b  oxidized  to  indoxyl  in  the 
Kxi;  this,  entering  into  combinaton  with  sulphuric  acid,  is  elimi- 
ted  in  the  urine  as  sodium  or  potassium  indoxyl  sulphate,  or  indican. 
Formerly  it  was  thought  that  indican  was  also  formed  within 
i  tissues  of  the  body  in  the  absence  of  putrefactive  organisms  (Sal- 
wski).*  Further  researches,  however,  have  demonstrated  that  micro- 
^nisms  are  always  concerned  in  the  production  of  indican,  and  that 
health  the  large  intestine  b  its  sole  source.  Baumann,  who 
:!ceeded  in  disinfecting  the  intestinal  tract  of  a  dog  by  means  of 
ge  doses  of  calomel,  observed  that  all  traces  of  indican,  as  also  of 
enol  and  paracresol,  disappeared  from  the  urine.  According  to 
nator,  moreover,  indican  does  not  occur  in  the  urine  of  newly  bom 
ants  which  have  not  as  yet  received  nourishment.  Tuczek's 
servations  on  abstinence  from  food  in  cases  of  insanity,  in  which 
lican  was  observed  in  the  urine  only  when  albumins,  though  in 
nimal  amounts,  were  ingested,  also  speak  very  strongly  against 
Ikowski's  theory.  Finally,  it  has  been  demonstrated  that  in  cases 
which  an  artificial  anus  b  established  near  the  distal  end  of  the 
Lun  the  conjugate  sulphates  disappear  almost  entirely  from  the 
ne,  while  they  reappear  in  normal  amount  as  soon  as  the  connection 
tween  the  small  and  large  intestines  has  been  reestablished.' 
The  amount  of  indican  which  b  normally  eliminated  in  the  urine 
ries  somewhat  with  the  character  of  the  diet.  JaflF^  obtained  6.6 
prms.  from  1000  c.c.  of  urine,  as  an  average  of  eight  observations, 
le  largest  quantities  excreted  in  health  are  found  after  a  liberal 
lulgence  in  animal  food,  while  the  smallest  amounts  are  observed 
ring  a  milk  or  kefir  diet.  By  means  of  the  latter  article,  indeed, 
J  greatest  diminution  in  the  degree  of  intestinal  putrefaction  may 
effected  in  man. 

[n  pathological  conditions  an  increased  elimination  of  indican  is 
served: 

I.  In  all  diseases  which  are  associated  with  an  increased  degree 
intestinal  putrefaction.  As  there  appears  to  be  little  doubt  that 
s  is  largely  regulated  by  the  acidity  of  the  gastric  juice,  an  in- 

Ber.  d.  deutsch.  chem.  Ges.,  1876,  vol.  ix,  pp.  138  and  408.     Baumann,  Zeit. 
khysiol.  Chem.,  1886,  vol.  x,  p.  123.    Senator,  Centralbl.  f.  d.  med.  Wise., 
7,  vol.  XV,  pp.  357,  370,  and  388. 
Nencki,  Macfadyen  u.  Sieber,  Arch.  f.  exper.  Path  u.  Pharmakol.,  1891,  vol. 

X. 

Centralbl.  f.  d.  med.  Wiss.,  1872,  vol.  x,  pp.  2,  481,  and  497;  and  Virehow's 
;hiv,  1877,  vol.  Ixx,  p.  72. 
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creased  indicanuria,  according  to  personal  observations,  is  encountered 
when  anachlorhydria  or  hypochlorhydria  exists.  Large  quantities  ol 
indican  are  thus  eliminated  in  cases  of  carcinoma  of  the  stomach,  and 
exceedetl  only  by  those  observed  in  cases  of  ileus;  so  that  this  sjnmptom, 
in  my  estimation,  is  of  considerable  value  in  differential  diagnosis, 
and  is  one,  moreover,  which  has  not  received  the  attention  it  de- 
serves. Exceptions  to  this  rule  are  at  times,  though  rarely,  met 
with,  for  which  it  is,  however,  impossible  to  account  at  present 
I^rge  quantities  of  indican  are  also  observed  in  cases  of  acute, 
subacute,  and  chronic  gastritis.  In  the  course  of  personal  obser- 
vations in  this  direction  I  was  impressed  with  the  curious  phenome- 
non that  in  cases  of  ulcer  of  the  stomach,  notwithstanding  the  simul- 
taneous occurrence  of  hyperchlorhydria,  an  increased  elimination  of 
indican,  contrary  to  what  is  usually  seen  in  hyperchlorhydria  refer- 
able to  other  causes,  is  quite  commonly  foimd.  Possibly  the  exist- 
ence of  muscular  atony  which  was  noted  in  these  cases  mav  sen-e  to 
explain  this  apparent  incongruity,  but  it  is  as  yet  impossible  to  offer 
a  satisfactory  explanation  of  the  phenomenon.  Remembering  the 
origin  of  indican,  and  the  relation  which  the  amount  eliminated  bears 
to  the  degree  of  intestinal  putrefaction,  it  will  be  unnecessary  to 
enumerate  the  long  list  of  diseases  in  which  an  increased  indicanuria 
has  been  observed,  as  it  will  be  found  that  in  the  majority  of  these 
cases  the  indicanuria  is  merely  an  index  of  the  condition  of  the  gastric 
juice  and  the  motor  power  of  the  stomach.^ 

2.  It  should  be  noted  that  in  cases  in  which  the  peristaltic  move- 
ments of  the  small  intestine  have  become  impeded,  as  in  ileus,  acute 
and  chronic  peritonitis,  an  increased  elimination  of  indican  will  inva- 
riably take  place,  no  matter  what  the  state  of  the  gastric  juice  may 
be.  In  such  conditions,  and  especially  in  ileus,  the  largest  quanti- 
ties are  observed,  a  point  which  may  be  of  decided  value  in  differ- 
ential diagnosis,  as  diseases  of  the  large  intestine  alone  are  m'ver 
associated  with  an  increase  in  the  amount  of  indican.  In  simple, 
uncomplicaied  constipation  increased  indicanuria  is  not  seen;  and 
should  an  examination  in  such  cases  reveal  the  prt*sence  of  more 
indican  than  normal,  it  will  be  safe  to  assume  the  existence  of  diseaise 
clscwluTe,  and  especially  of  the  stomach. 

3.  As  albuminous  putrefaction  may  also  take  place  within  the 
body,  an  increasc^d  indicanuria  is  observed  in  cases  of  empyema, 
putrid  bronchitis,  gangrene  of  the  lung,  etc.;  but  while  hi  the  con- 
<litions  mentioned  above  the  indol-producing  organisms  appear  to  Ik^ 
especially  active,  the  elimination  of  phenol  in  the  latter  condition 
may  he  more  j)ronounccd  at  times  than  that  of  indican.  Bearing  in 
mind  the  j)()ints  here  set  forth,  I  cannot  agree  with  others  in  saying 

»  (\  K.  Simon,  "  Indicanuria,"  Am.  Jour.  Med.  vSci.  (full  literature),  1895,  vol 
ex,  p.  4S. 
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that  the  study  of  indicanuria  possesses  no  importance  from  a  clini- 
cal standpoint.  I  maintain,  on  the  other  hahd,  that  an  examinor 
turn  of  the  urine  in  this  direction  is  at  least  as  important  as  the  testing 
for  albumin  and  sv^ar,  and  thai  points  of  decided  importance,  not 
only  in  diagnosis,  but  also  in  treatment,  Tnay  thus  be  gained. 

Of  interest  in  this  connection  is  the  observation  that  in  cases  of 
increased  indicanuria  oxalate  sediments  are  not  uncommonly  ob- 
served; but  I  am  not  willing  to  admit,  as  Hamack  and  van  der 
Leyen  suggest,  that  the  indicanuria  which  follows  the  ingestion  of 
small  doses  of  oxalic  acid  isiproduced  by  a  toxic  action  of  the  acid 
Uf>on  the  tissue  albumins.  In  these  cases  also  the  increased  indican- 
uria is  referable  to  mcreased  intestinal  putrefaction.* 

When  indican  is  treated  with  hydrochloric  acid,  it  is  decomposed 
into  sulphuric  acid  and  indoxyl;  should  an  oxidizing  substance  be 
present  at  the  same  time/  indigo  blue,  the  blue  coloring  matter  of 
the  urine,  results: 

2C8HeNKsb4  4-  20  =  C„H,oN,0,  +  2HKSO4. 
Potasdom  indoxyl  Indigo  blue, 

sulphate. 

Indigo  blue  in  small  amounts  may  be  found  free  in  the  sediment  of 
decomposing  urines,  usually  occurring  in  the  form  of  small,  amorph- 
ous granules,  more  rarely  in  crystalline  form.  Urines  have,  however, 
also  been  obsefved  which  were  blue  when  passed,  or  which  turned 
blue  as  a  whole  upon  standing.  Such  a  phenomenon  must  be 
regarded  as  a  medical  curiosity.  Undoubtedly  it  is  referable  to  the 
action  of  microorganisms  (see  Bacteriuria),  although  McPhedran 
and  Groldie  mention  that  in  their  case  bacteria  were  present  only  in 
small  numbers.' 

The  blue  pigment  which  may  be  obtained  from  urines  has  been 
variously  describeii  as  Prussian  blue,  urocyanin,  cyanurin,  Ham- 
blau,  uroglaucin,  choleraic  urocyanin,  but  it  has  been  shown  to  be 
indigo  blue,  and  derived  from  its  coloriess  antecedent  indican.  This 
has  been  shown  to  be  identical  with  the  uroxanthin  of  Heller  and 
Thudichum's  choleraic  urocyaninogen. 

Tests  for  Indican. — ^A  few  cubic  centimeters  of  urine  are  mixed 
with  an  equal  volume  of  Obermayer's  reagent,  and  shaken  with  a 
small  amount  of  chloroform,  which  last  takes  up  the  indigo  blue  which 
is  formed.  The  resultant  extract  is  normally  either  coloriess  or  of  a 
light  sky  blue;  a  darker  color  indicates  an  increased  amount  of 
indican.  Obermayer's  reagent  is  a  2  pro  mille  solution  of  ferric  chlo- 
ride in  concentrated  hydrochloric  acid.' 


3 


*  v.  Moraczewski,  "Oxalurie  and  Indicanurie,"  Cent.  f.  inn.  Med.,  1903,  No.  1. 

*  A.  McPhedran  and  W.  Goldie,  "A  Case  of  Indigosiiria,"  Trans.  Assoc.  Am. 
Phys.,  1901,  vol.  xvi,  p.  242. 

»  Wien.  klin.  Woch..  1890,  vol.  iii,  p.  176. 
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StokvW  modification  of  JaffS's  test  may  also  be  employed.*  To 
this  end  a  few  cubic  centimeters  of  urine  are  treated  with  an  equal 
volume  of  concentrated  hydrochloric  acid,  and  2  or  3  drops  of  a 
strong  solution  of  sodium  or  calcium  hypochlorite.  The  mixture 
is  shaken  with  1  or  2  c.c.  of  chloroform  as  above.  The  indigo 
which  is  set  free  in  this  manner  is  taken  up  by  the  chloroform,  and 
colors  this  blue  to  a  greater  or  less  extent,  the  degree  of  increase,  as 
compared  with  the  normal,  being  determined  by  the  intensity  of  the 
color.  Albumin  need  not  be  removed.  Bile  pigment,  which  inter- 
feres with  the  reaction,  is  removed  by  means  of  a  solution  of  lead 
subacetate.  Urines  presenting  a  very  dark  color  may  be  cleared  in 
the  same  manner.  Potassium  iodide,  owing  to  the  liberation  of  free 
iodine,  will  color  the  chloroform  a  rose  red. 

For  the  sake  of  comparison,  it  is  well  to  employ  the  same  quantities 
of  urine  and  reagents  in  every  case,  marked  tubes  being  very  con- 
venient for  this  purpose. 

QuANTiTATrvE  ESTIMATION.  Waug's  Method.^ — ^The  method  is 
based  upon  the  decomposition  of  potassium  indoxyl  sulphate  by 
means  of  concentrated  hydrochloric  acid  and  the  oxidation  to  indigo- 
blue  of  the  indoxyl  which  is  thus  formed.  The  indigo  blue  is  fur- 
ther transformed  into  indigo-sulphuric  acid,  and  this  titrated  with 
a  solution  of  potassium  permanganate  of  known  strength. 

Reagents  required:  1.  A  20  per  cent,  solution  of  lead  acetate. 

2.  Obermayer's  reagent.     This  is  a  2  pro  mille  solution  of  ferric 
chloride  in  concentrated  hydrochloric  acid  (sp.  gr.  1.19). 

3.  Chlorofonn. 

4.  Concentrated  sulphuric  acid. 

5.  A  mixture  of  equal  parts  of  alcohol  (96  per  cent.),  ether,  and 
water. 

6.  A  solution  of  potassium  permanganate  containing  about  3  grams 
pro  liter  The  titration  is  conducted  with  this  solution  diluted  in  the 
proportion  of  5  c.c.  to  195  c.c.  of  water.  Its  titre  is  ascertained  before 
each  titration  by  comparing  it  with  a  dilute  solution  of  oxaUc  acid  of 
known  strength;  for  example,  one  containing  0.1  gram  of  the  acid  dis- 
solved in  100  c.c.  of  water,  as  described  on  page  426.  The  amount 
of  indigo  blue  which  each  cubic  centimeter  will  represent  is  ascer- 
tained by  multiplying  the  corresponding  amount  of  oxalic  acid  by  1.04. 

Example. — Supposing  that  the  permanganate  solution  is  found  of 
such  strength  that  1  c.c.  represents  0.00014  gram  of  oxalic  acid; 
the  corresponding  amount  of  indigo  would  be  0.00014  X  1.04= 
0.0001  o  gram. 

Method. — The  urine  is  first  examined  for  indican,  as  described 
above.     Should  a  verv  intense  reaction  be  thus  obtained,  onlv  25  or 

^  See  Senator,  Centralbl,  f,  d.  med.  Wiss.,  1877,  vol.  x\\  p.  257. 
^  "  Leber  d.  (luantitative    Bestimniuiig    d.    Hamindikans,"  Zeit.    f.  physiol. 
('hem.,  vol.  xxv,  p.  40(3. 


CHEMISTB  Y  OF  THE  URINE  505 

^  O.C.  are  used  for  the  quantitatiye  estimation,  while  larger  amounts 
•'^  taken  (200  to  500  e.e.)  if  the  reaction  b  of  only  moderate  intensity 
^^  native  altogether. 

'Xlie  urine  is  precipitated  with  lead  acetate  solution,  care  being 
T-*^^n  to  avoid  an  excess.    A  large  and  accurately  measured  por- 
"^^Xi  of  the  clear  filtrate  is  treated  in  a  separating  funnel  with  an  equal 
^^lume  of  Obermayer's   reagent  and  extracted  with   chloroform. 
,:^:^^  this  end  30  c.c.  are  added  at  a  time  and  shaken  for  one  minute, 
"•^^^o  or  three  extractions  are  usually  sulOScient  to  remove  the  entire 
^^•^ount  of  indigo.    The  extract  is  placed  in  a  small  flask,  and  the 
^^^Ijoroform  distilled  ofif.    The  residue  is  dried  for  a  few  minutes  on 
^    water  bath  until  traces  of  remaining  chloroform  have  been  re- 
^^oved.    It  is  then  washed  with  the  alcohol-ether-water  mixture  to 
^^emove  the  reddish-brown  pigment  which  is  present  together  with  the 
indigo  blue.    The  latter  remains  undissolved.    After  filtering  ofif  any 
particles  of  indigo  that  may  be  in  suspension,  through  a  small  filter, 
this  is  dried  and  repeatedly  extracted  with  boiling  chloroform.    The 
chloroform    extract  is  filtered  into  the  original  indigo  flask,   the 
chloroform  distilled  ofiF,  the  residue  dried  as  before,  and  while  still 
warm  treated  with  3  or  4  c.c.  of  concentrated  sulphuric  acid.    The 
entire  residue  should  be  brought  into  solution  by  careful  agitation. 
After  standing    or  twenty-four  hours  the  contents  of  the  flask  are 
poured  into  100  c.c.  of  cold  water;  the  flask  is  rinsed  and  the  wash- 
ings added  to  the  solution.    This  is  filtered  once  more  and  titrated 
with  the  permanganate  solution.    At  first  the  blue  color  of  the  solu- 
tion changes  but  little;  later  it  turns  greenish,  and  finally  becomes 
yellowish  or  entirely  colorless — not  red.     As  a  rule,  the  end  reaction 
is  quite  distinct,  but  the  titration  requires  experience.    The  best 
results  are  obtained  if  from  10  to  16  c.c.   of  the  dilute  permanga- 
nate solution  are  used.    The  resulting  amount  of  indigo  contained  in 
the  measured-ofip  quantity  of  the  first  filtrate  is  then  ascertained  as 
described  above. 
Example. — Amount  of  urine:  1780  c.c. 

The  stock  solution  of  potassium  permanganate  contains  3  grams 
to  the  liter;  1  c.c.=0.00596  gram  of  oxalic  acid=0.0062  gram  of  indigo. 
Diluted  solution  (5  to  200);  1  c.c.=0.00016  gram  of  indigo.  300  c.c. 
of  urine  were  precipitated  with  25  c.c.  of  the  lead  solution;  260  c.c. 
of  the  filtrate,  corresponding  to  230  7  c.c.  of  urine,  treated  with  260 
c.c.  of  Obermayer's  reagent.  Extracted  twice  with  chloroform.  4.3 
c.c.  of  the  permanganate  solution  were  used  in  the  titration =0.00065 
gram  of  indigo,  correspondng  to  0.005  gram  in  the  1780  c.c,  accord- 
ing to  the  equation: 

230.7  :  0.00065  : :  1780  :  x;  a-  =  ^'^^l  =  0.005, 

230.7 

Other  methods  for  the  quantitative  estimation  of  indican  which 
have  heretofore  been  used,  with  the  exception  of  the  spectroscopic 
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method  of  Miiller,  are  not  only  inaccurate,  but,  like  this,  too  time 
consuming  and  complicated  to  be  of  value  to  the  practising  phvsidiL 
As  a  consequence  almost  all  observers  have  based  their  condusioiis 
upon  an  approximative  estimation  only.  For  practical  purposes  thb 
is  sufficient,  and  even  Wang's  method,  though  accurate  and  simple, 
will  hardly  find  a  ready  entrance  into  the  clinical  laboratory,  as  it 
is  still  too  time  consuming  and  too  expensive  for  daily  use. 

Other  quantitative  methods  are  those  of  Ellinger^  and  Strauss' 
which  should  be  read  in  the  original. 

Urohematin.^ — Urohematin  appears  to  be  the  chromogen  of  the 
red  pigment  of  the  urine,  and  is  very  likely  closely  related  to  in- 
doxyl.     Little  is  known  of  its  chemical  composition  or  of  its  mode 
of  formation.     In  all  probability  the  red  pigment  which  niay  be 
obtained  from  this  substance  is  identical  with  other  red  pigments 
which  have  been  described  from  time  to  time  as  occurring  in  the 
urine,  such  as  that  of  Scherer,  the  urrhodin  of  Heller,  the  urorubin 
of  Plosz,   Schunk's   ind  rubin,   Bayer's  indigo  purpurin,   Giaoosa's 
pigment,  and  also  the  indigo  red  obtained  by  Rosenhach  and  Rosm 
by  oxidation  of  the  urine  with  nitric  acid. 

Further  investigations  are  necessary  before  this  subject  is  fuDy 
understood;  but  bearing  in  mind  the  probable  origin  of  urohematin 
from  indoxyl,  it  would  possibly  be  best  to  speak  of  the  red  pigment 
as  indigo  red.  In  accordance  with  the  view  that  urohematin  is  an 
indoxyl  derivative,  its  clinical  significance  is  similar  to  that  of  indican 
(which  see). 

Test. — The  presence  in  normal  urine  of  urohematin — i,  r.,  a  chromo- 
gen yielding  a  red  pigment  when  treated  with  certain  reagents— may 
be  demonstrated  bv  shaking  urine  with  chloroform  and  decanting  after 
several  days,  when  the  addition  of  a  drop  of  hydrochloric  acid  to  the 
chloroform  extract  will  cause  the  appearance  of  a  beautiful  rose  color; 
this  varies  in  intensity  according  to  the  amount  of  the  chromogen 
present. 

The  purplish  color  so  often  obtained  in  the  chloroform  extract 
when  Stokvis'  modification  of  Jaffa's  indican  test  is  employed  is  due 
to  a  mixture  of  indigo  blue  and  indigo  red.  Indican,  however,  is 
generally  present  in  larger  amounts  than  urohematin.  In  normal 
and,  usually  also,  in  pathological  urines  a  red  color  is  not  obtained 
with  the  test  mentioned.  In  a  few  isolated  cases  of  ileus,  peritonitis, 
and  carcinoma  of  the  stomach  I  have  found  more  indigo  red  than 
indigo  l)Iue. 

The  so-called  "  Reaction  of  Rosenbach"  is  a  convenient  test  for 
indigo  red  when  this  is  present  in  increased  amounts;  the  boiling 
urine  is  treated  drop  by  drop  with  concentrated  nitre  acid,  when  in 

^  Zeit.  f.  phvs.  ('hem.,  vol.  xxxviii,  p.  178. 

2  Deut.sch.  med.  Wocli.,  HK)2,  April,  17. 

'  G.  Harley,  \'erhaiuil.  d.  physik.  ined.  Ges.  z.  Wiirzburg,  1855,  vol.  v,  p.  1. 
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^^  presence  of  large  amounts  of  indigo  red  it  assumes  a  dark  Bur- 
P*Ody  color,  which  sometimes  takes  on  a  bluish  tinge  when  held 
^  the  light.  Owing  to  a  precipitation  of  the  pigment  9ie  mixture  at 
J^^  same  time  bee  mes  cloudy  and  the  foam  assumes  a  blue  color. 
^^^  well-marked  cases  the  Burgundy  colo  does  not  appear  to  be 
^luinged  by  the  further  addition  of  nitric  acid,  but  will  sometimes 
Suddenly  change  from  red  to  yellow  when  10  to  20  drops  of  the  acid 
*teve  b^en  added. 

Th's  reaction  Rosenbach^  regarded  as  symptomatic  of  various 
forms  of  severe  intestinal  disease  associated  with  an  impeded  resorp- 
tion throughout  the  entire  intestinal  tract.  Ewald'  likewise  noted  this 
reaction  in  cases  of  extensive  disease  of  the  small  intestine,  in  carci- 
noma of  the  stomach,  and  in  acute  and  chronic  peritonitis;  but  he 
obtained  negative  results  in  carcinoma  of  the  colon,  stricture  of  the 
esophagus,  chronic  diarrhea,  etc.  Rosenbach's  reaction  should  be 
viewed  in  the  same  light  as  a  highly  incresed  elimination  of  indican. 
I  have  met  with  the  reaction  in  all  conditions  associated  with  greatly 
increased  intestinal  putrefaction,  and,  like  Ewald,  failed  to  note  the 
reaction  in  a  few  cases  of  occulsion  of  the  large  intestine,  in  which  an 
increased  elimination  of  indican  is  likewise  never  observed. 

Uroroseinogen.^ — In  addition  to  indican  and  urohematin,  still 
another  chromogen,  which  yields  a  rose-red  pigment  when  treated 
with  mineral  acids,  appears  to  occur  in  normal  urine,  although  in 
small  amounts.  It  is  commonly  regarded  as  a  skatol  derivative. 
The  pigment,  which  has  received  the  name  urorosein,  or  Hamrosa, 
appears  to  be  identical  with  Heller's  urophain.  Urorosein  is  best 
demonstrated  by  treating  6  to  10  c.c.  of  urine  with  an  equal  amount  of 
concentrated  hydrochloric  acid,  and  1  or  2  drops  of  a  concentrated 
solution  of  sodium  hypochlorite,  when  in  the  presence  of  much 
indican  the  mixture  assumes  a  dark-greenish,  blackish,  or  dark- 
blue  color,  owing  to  the  formation  of  indigo.  When  the  mixture 
is  shaken  with  chloroform  the  supernatant  fluid  exhibits  a  beau- 
tiful rose  color,  which  is  due  to  the  urorosein.  This  may  now  be 
extracted  with  amyl  alcohol  and  separated  from  other  pigments 
which  are  present  at  the  same  time,  by  shaking  with  sodium  hydrate, 
whereby  the  solution  is  decolorized.  Upon  the  addition  of  a  drop 
or  two  of  hydrochloric  acid  to  the  alcoholic  extract  the  rose  color 
reappears.  Such  solutions,  however,  soon  become  decolorized  upon 
standing.  A  rose-red  ring,  referable  to  this  pigment,  is  also  fre- 
quently obtained  in  pathological  urines  when  the  ordinary  nitric  acid 
test  is  employed. 

While  normally  urorosein  is  obtained  only  in  traces,  appreciable 

»  Beiiin.  klin.  Woch.,  1889,  vol.  xxv-i,  pp.  5,  490,  and  520,  and  1890,  vol.  xxvii, 
p.  585. 

'  Ibid.,  1889,  vol.  xxvi,  p.  953. 

»  H.  RoBin,  Deutach.  med.  Woch.,  1893,  p.  51. 
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amounts  are  often  met  with  in  pathological  conditions  assodatod 
with  grave  disturbances  of  nutrition,  as  in  nephritis,  diabetes,  cud- 
noma,  dilatation  of  the  stomach,  pernicious  anemia,  typhoid  feTer, 
phthisis,  and  at  times  in  profound  chlorosis,  etc.  A  vegetable  diet 
also  appears  to  cause  an  increase  in  the  amount  of  the  chromogen. 

Pathological  Pigments  and  Ghromogens.  The  Blood  PigneBk 
— ^The  blood  pigments  proper  which  may  occur  in  the  urine  have 
already  been  considered  and  in  this  connection  it  will  only  be  necessary 
to  refer  briefly  to  the  occasional  presence  of  hematin,  uronibio- 
hematin,  and  hematoporphyrin. 

Hematin  is  only  rarely  found.  In  order  to  demonstrate  its  pres- 
ence, the  urine  is  rendered  strongly  alkaline  with  ammonia,  filtered, 
and  the  filtrate  examined  spectroscopically.     (See  Blood.) 

Urorubrohematin  and  Urofuscohematin  have  been  observed 
only  once  by  Baumstark^  in  the  urine  of  a  case  of  pemphigus  leprosus 
complicated  with  visceral  lepra;  they  appear  to  be  closely  related  to 
hematin. 

Hematoporphyrin. — McMunn  found  a  pigment  answering  the  des- 
cription of  this  substance  in  the  urine  in  cases  of  rheumatism,  Addi- 
son's disease,  pericarditis,  and  paroxysmal  hemoglobinuria,  whidi 
he  termed  urohematin,  but  which  in  all  probability  was  hematopor- 
phyrin. Le  Nobel  found  the  same  pigment  in  two  cases  of  hepatic 
cirrhosis  and  in  one  case  of  croupous  pneumonia.  Others  have  like- 
wise met  with  hematoporphyrinuria  in  various  forms  of  hepatic  dis- 
ease, as  also  in  phthisis,  exophthalmic  goitre,  typhoid  fever,  and 
hydroa  cestivalis;  further,  in  association  with  intestinal  hemorrhages, 
in  cases  of  lead  poisoning,  and  especially  during  long-continued  use 
of  sulphonal,  trional,  and  tetronal.  Nebelthau  records  the  histon* 
of  a  female  patient,  the  subject  of  congenital  syphilis,  who  had  passed 
dark-red  urine  as  long  as  she  could  remember,  and  continued  to  do  so 
while  under  observation.  Stem  mentions  a  case  in  which  marked 
hematoporphyrinuria  was  associated  with  icterus  in  a  glucosuric 
individual.  Recent  researches,  moreover,  have  shown  that  in  traces 
at  least  the  substance  is  present  in  every  urine.  As  regards  the  origin 
of  these  normal  traces,  the  evidence  is  in  favor  of  the  view  that  they 
are  fonned  within  the  body  during  its  normal  metabolism,  and 
most  likely  in  the  liver,  whence  the  substance  is  eliminated  in  the 
bile.  A  portion  then  escapes  with  the  feces,  while  a  similarly  small 
amount  is  resorhed  and  eliminated  in  the  urine.  Increased  amounts 
would  accordingly  suggest  the  existence  of  a  hepatic  insufficiency; 
and,  as  a  matter  of  fact,  we  find  that  actual  anatomical  lesions  then 
not  infrequently  occur.  Taylor  and  Sailer  thus  report  that  in  their 
case  of  sulphonal  poisoning  widespread  degeneration  of  the  hepatic 
cells  existed;  and  Neubauer  was  able  to  isolate  the  pigment  from  the 

'  Pfliiger's  Archiv,   1S74,   vol.  ix,  p.  568.     See,  also,  J.  W.  Schultz,  Diss., 
Greifswald,  1874. 
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^er  of  rabbits  to  which  sulphonal  had  been  administered,  while  it 
^^  absent  in  all  other  organs.  On  the  other  hand,  it  is  difficult  to 
•c^ribe  all  the  phenomena  of  such  hematoporphyrinuria  to  hepatic 
^«ingeSy  seeing  that  changes  of  like  degree  may  occur  without  con- 
>icuous  urinary  abnormality,  and  there  is  still  much  that  is  obscure 
1  this  condition. 

Stokvis  attributed  the  increased  eUmination  of  hematoporphyrin 
X  cases  of  lead  poisoning  and  following  the  continued  use  of  sul- 
•honal  to  the  occurrence  of  hemorrhages  into  the  intestinal  mucosa, 
nd  suggested  that  the  transformation  of  the  hemoglobin  into 
ematoporphyrin  was  favored  by  the  sulphonal.  But  while  intesti- 
b\  hemorrhages  may  occur  in  the  sulphonal  cases,  they  are  not 
Iways  observed,  and,  as  Grarrod  points  out,  Kast  and  Weiss,  as 
Iso  Neubauer,  were  unable  to  verify  the  recorded  experiments  of 
Itokvis,  in  which  he  claims  to  have  obtained  a  small  amount  of 
lematoporphyrin  when  fresh  blood  was  digested  with  pepsin-hydro- 
hloric  acid  and  sulphonal  at  from  38°  to  40°  C. 

Urines  which  contain  much  hematoporphyrin  are  usually  dark 
ed  in  color,  but  the  shade  may  vary  from  a  sherry  or  port-wine 
int  to  a  dark  Bordeaux.  It  is  noteworthy,  however,  that  this  color 
5  not  primarily  due  to  the  exaggerated  degree  of  hematoporphy- 
inuria,  but,  as  Hammarsten  first  pointed  out,  to  other  abnormal 
figments  which  are  but  little  known,  but  which  are  probably  closely 
elated  to  hematoporphyrin.  As  Garrod  says,  die  removal  of 
he  hematoporphyrin  from  such  urines  causes  little  or  no  change 
i  color,  and  when  this  pigment  is  added  to  normal  urine  until  on 
pectroscopic  examination  bands  of  similar  intensity  are  seen,  the 
hange  of  tint  produced  is  comparatively  slight.  In  one  such  case, 
lot  due  to  sulphonal,  he  was  able  to  isolate  a  purple  pigment  which 
liflfered  in  its  properties  from  any  known  urinary  coloring  matter, 
nd  to  which  the  color  of  the  urine  in  question  was  obviously  in  the 
lain  due.  Neumeister  also  states  that  in  sulphonal  intoxication  an 
ron-containing  derivative  of  hemoglobin  occurs  in  the  urine,  which 
presents  a  reddish-violet  color  and  shows  a  single  band  of  absorption 
1  the  blue  portion  of  the  spectrum  immediately  bordering  on  the  green. 

Albumin  is  not  present  in  uncomplicated  cases  of  hematopor-. 
hyrinuria,  and  the  pigment  itself  does  not  give  the  albumin  reactions. 

To  demonstrate  the  presence  of  hematoporphyrin  under  normal 
onditions,  or  when  small  amounts  only  are  present  in  the  urine, 
Jarrod's  method  should  be  employed. 

Garrod's  Method, — Several  hundred  c.c.  of  urine  (500  to  1500)  are 
reated  with  a  10  per  cent,  solution  of  sodium  hydrate  in  the  propor- 
ion  of  20  C.C.  of  the  alkali  solution  for  100  c.c.  of  urine.  The  pre- 
ipitated  phosphates  are  filtered  oflF  and  thoroughly  washed  by 
epeatedly  suspending  them  in  water.    Should  the  precipitate  be  of 

reddish  color,  or  if  it  shows  the  spectrum  of  hematoporphyrin  in 
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alkaline  solution  when  examined  on  the  filter  in  the  moist  state,  we 
may  conclude  that  much  hematoporphyrin  is  present.     In  this  cax 

it   is   washed   until   the   filtrate   is   colorless.     If   traces  onlv  are 

* 

present,  however,  one  washing  must  suffice.  The  precipitate  is 
then  treated  with  alcohol,  which  is  acidified  with  hydrochloric  add 
to  such  an  extent  that  the  phospates  are  entirely  dissolved.  TTic 
resulting  solution  should  not  exceed  15  to  20  c.c.  in  volume.  TTiis 
is  then  examined  in  a  layer,  of  not  less  than  3  to  4  cm.  in  thidmess, 
for  the  spectrum  of  acid  hematoporphyrin,  using  a  spectroscope 
with  slight  dispersion.  The  solution  is  now  rendered  alkaline  with 
ammonia  and  treated  with  an  amount  of  acetic  acid  which  just  suffices 
to  redissolve  the  precipitated  phosphates.  On  shaking  with  chloro- 
form this  extracts  the  pigment,  and  the  chloroform  solution  then  gives 
the  spectrum  of  the  alkaline  hematoporphyrin,  since  organic  adds 
do  not  change  the  pigment  to  the  form  which  yields  the  acid  spectnim. 
The  residue  which  remains  after  evaporating  the  chloroform  can 
finally  be  washed  with  water  and  dissolved  in  alcohol,  when  a  neariy 
pure  solution  is  obtained,  which  is  comparable  with  a  solution  of 
hematoporphyrin  obtained  from  hematin. 

Precautions:  If  a  preliminary  test  shows  that  the  urine  con- 
tains but  little  phosphates,  a  small  quantity  of  calcium  phasphate 
in  acetic  acid  is  added  before  the  urine  is  rendered  alkaUne  with  the 
sodium  hydrate  solution.  As  hematin  and  chrysophanic  acid  are 
also  precipitated  with  the  phosphates,  their  absence  must  \ye  ensured. 
P^or  this  reason  the  urine  should  contain  no  rhubarb  or  senna. 

In  conclusion,  it  may  be  said  that  a  chromogen  of  hematopor- 
phyrin is  also  usually  present  in  urines  containing  the  free  pigment, 
which  probably  explains  why  such  urines  gradually  become  darker 
on  standing. 

Literature. — A  complete  account  of  tlie  literature  on  hematoporphyriniiria 
up  to  1893  is  pven  by  R.  Zoja,  "Su  gualche  pigment^)  di  alcune  urine."  etc.. 
Arch.  ital.  di  clin.  ined.,  1893,  vol.  xxxii,  p.  63.  A.  E.  Ganrod.  loc.  cit.;  and 
Centralbl.  f.  inn.  Med.,  1897,  Xo.  21.  Taylor  and  Sailer,  Contributions  from  the 
William  Pepr^er  Laboratory,  Philadelphia,  1900,  p.  120.  ().  Xeubauer,  Arch.  f. 
exper.  Path.  u.  Pharmakol.,  1900.  vol.  xliii,  p.  455.  B.  J.  Stokvis.  **  Zur  Patho- 
penese  d.  Ha^matoporphyrinurie,"  Zeit,  f.  klin.  Med.,  vol.  xxWii,  p.  I.  Kast  u. 
Weiss,  l^rlin.  klin.  Woch.,  189(),  vol.  xxxiii,  p.  621.  Hammarsten,  "Skandin. 
Arch.  f.  Phvsiol.,"  1891,  vol.  iii,  p.  3L  Neumeister,  Physiol.  Chem.,  Jena,  1897. 
Xebelthau,"Zeit.  f.  physiol.  Chem.,  1899,  vol.  xxvii,  p.  324.  B.  Ogden.  l^)sU)n 
Med.  and  Surg.  Jour.,  1898 

Biliary  Pigments. — Of  the  four  biliarj-  pigments,  viz.,  bilirubin, 
biliverdin,  biliprasin,  and  bilifuscin,  the  former  alone  is  met  with  in 
freshly  voided  urines,  while  the  others  may  form  upon  standing, 
being  oxidation  products  of  bilirubin.  The  pigment  is  never  found 
in  normal  urine,  and  its  occurrence  may  be  regarded  as  a  positive 
symptom  of  disease. 

In  health  it  will  l)e  remembered  that  bilirubin  is  formed  in  the 
liver  from  blood  pigment,  and  is  eliminated  into  the  small  intestine, 
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^^hich  it  is  transformed  into  hydrobilirubin  and  largely  excreted  as 
'Ol  in  the  feces,  while  a  small  portion  is  reabsorbdd  into  the  blood 
^c3  eliminated  in  the  urine  as  urochrome  or  normal  urobilin.  When- 
"^r,  then,  the  outflow  of  bile  into  the  intestines  becomes  impeded 
lirubin  is  absorbed  by  the  lymphatics  and  eliminated  in  the  urine. 

Among  the  numerous  causes  which  give  rise  to  choluria  under 
xdi  conditions  may  be  mentioned  obstruction  of  the  biliary  ducts, 
Hd  especially  of  the  common  duct,  referable  to  simple  swelling  of 
ts  mucous  membrane,  as  in  the  ordinary  forms  of  catarrhal  jaun- 
lice.  It  may  also  be  due  to  the  presence  of  a  biliary  calculus,  to 
larasites,  compression  of  the  duct  by  tumors  of  the  liver,  the  gall 
bladder,  the  duct  itself,  and  of  neighboring  structures,  and  particu- 
ariy  of  the  pancreas,  stomach,  and  omentum.  Whenever  the 
>lood  pressure  in  the  liver  is  lowered,  so  that  the  tension  in  the 
mailer  biliary  ducts  becomes  greater  than  that  in  the  veins,  choluria 
ikewice  results.  The  icterus  occurring  under  all  such  conditions 
las  been  termed  hepatogen\c  icterus,  in  contradistinction  to  the  form 
observed  in  cases  in  which  the  liver  has  either  totally  or  partially 
ost  the  power  of  forming  bile,  be  this  owing  to  the  existence  of 
l^enerative  processes  affecting  its  glandular  epithelium,  as  in  cases 
)f  acute  yellow  atrophy,  or  to  destruction  of  red  corpuscles 
^ing  on  so  rapidly  and  so  extensively  that  the  organ  is  incapable  of 
lansforming  into  bilirubin  all  the  blood  pigment  which  is  carried  to 
t  This  occurs  in  some  cases  of  pernicious  anemia,  malarial  intoxi- 
cation, typhoid  fever,  poisoning  with  arsenious  hydride,  etc.  Icterus 
leonatorum  is  probably  to  a  certain  extent  also  dependent  upon  the 
atter  cause.  To  this  form  the  term  hematogenic  icterus  has  been 
ipplied.  In  such  cases  the  occurrence  of  bilirubin  in  the  urine  can 
)nly  be  explained  by  assuming  that  a  transformation  of  blood-color- 
ng  matter  into  bilirubin  has  taken  place  in  the  blood  itself  or  in  other 
issues  of  the  body.  As  a  matter  of  fact,  it  appears  to  be  generally 
tccepted  that  such  a  trans  ormation  can  occur  outside  of  the  Hver,  as 
he  hematoidin  which  may  be  found  in  old  extravasations  of  blood 
leems  to  be  identical  with  bilirubin.  On  the  other  hand,  however, 
he  existence  of  a  hematogenic  icterus  is  positively  denied,  especially 
>y  Stadelmann.  In  accordance  with  his  view  it  may  be  demon- 
(trated  that  in  cases  of  pernicious  anemia,  malaria,  etc.,  the  urine 
Iocs  not  contain  bilirubin,  but  usually  urobilin.  In  cases  of  this 
and  which  I  had  occasion  to  examine,  bilirubin  was,  as  a  matter  of 
act,  never  found.  Further  investigations  are  necessary  to  settle  this 
|uestion. 

Usually  the  presence  of  biliary  pigment  may  be  recognized  by 
lirect  inspection,  as  urines  which  contain  it  in  notable  amounts 
^resent  a  color  varying  from  a  bright  yellow  to  a  greenish  brown. 
\ny  morphological  elements  which  may  occur  in  the  sediment  are 
(tamed  a  golden  yellow,  and  the  same  color  is  imparted  to  the  foam 
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of  the  urine  as  well  as  to  the  filter  paper  used  in  the  filtratioiL  At 
times,  however,  and  particularly  in  cases  in  which  the  icterus  is  onh 
beginning  to  appear,  the  presence- of  bilirubin  is  not  infrequent 
overlooked,  and  urines  containmg  urobiUn  in  large  amounts  may  k 
similariy  mistaken  for  icteric  urines.  In  doubtful  cases,  therefore, 
whether  icterus  exists  or  not,  but  in  which  the  urine  presents  an 
intense  yellow  color,  it  is  necessary  to  have  recourse  to  chemical 
tests.  A  large  number  of  these  have  been  devised,  all  of  which  are 
fairly  reUable.  Only  those  will  be  described  which  I  have  examined 
myself  and  which  are  especially  delicate. 

Smith's  Test} — 5  to  10  c.c.  of  urine  are  placed  in  a  test-tube 
and  treated  with  2  or  3  c.c.  of  tincture  of  iodine  (which  has  been 
diluted  with  alcohol  in  the  proportion  of  1  to  10)  in  such  a  manner 
that  the  iodine  solution  forms  a  layer  above  the  urine.  In  the  pres- 
ence of  bilirubin  a  distinct  emerald-green  ring  is  seen  at  the  zone  of 
contact.  This  test  can  be  highly  recommended,  as  it  is  exceedingly 
simple  and  not  surpassed  in  delicacy  by  any  other. 

Huppert's  Test} — 10  to  20  c.c.  of  urine  are  precipitated  with 
milk  of  Hme  (a  solution  of  barium  chloride  is,  perhaps,  still  more 
convenient),  and  the  precipitate  after  filtering  brought  into  a  beaker 
by  perforating  the  filter  and  washing  its  contents  into  the  latter  with 
a  small  amount  of  alcohol  acidualted  with  sulphuric  add.  The 
mixture  is  boiled,  when  in  the  presence  of  bilirubin  the  solution 
assumes  a  bright  emerald-green  color.  Huppert's  test  is  as  delicate 
as  is  that  of  Smith,  but  is  not  so  convenient  for  the  needs  of  the 
practising  physician. 

G7nelin\s  Test  (as  modified  by  Rosenbach),\ — The  urine  is  filtered 
through  thick  Swedish  filter  paper,  when  the  latter  is  removed  and 
a  drop  of  concentrated  nitric  acid,  which  has  been  allowed  to  stand 
exposed  to  the  air  for  a  short  time,  is  placed  upon  its  inner  surface. 
In  the  presence  of  bilirubin  a  prismatic  play  of  colors  will  be  seen 
to  occur  around  the  nitric  acid  spot. 

(rmelins  Test.* — The  urine  is  treated  with  nitric  acid,  which  is 
carried  to  the  bottom  of  the  test-tube  by  means  of  a  pipette,  so  as 
to  form  a  layer  beneath  the  urine,  when  a  color  play,  as  already 
described  (p.  403),  will  take  place  at  the  Une  of  contact  between 
the  two  fluids;  the  green  color  is  the  most  characteristic. 

In  this  connection  a  few  words  may  also  be  said  of  the  occurrence 
in][the  urine  of  biliary  acids  and  cholesterin. 

Biliary  Acids. — These ^may  usually  be  found  in  the  urine  whenever 
bile  pigment  is  present,  so  that  their  clinical  significance  is  essen- 


^  I)ul)lin  Med.  .Tour.,  1876,  p.  449. 

>p.  351  and  47( 
.  vol.  xiv.  D.  5. 

Versuchen,  Heidelberg,  1826, 


'  J)uhlm  Med.  .lour.,  1S76,  p.  449. 
^  Arch.  d.  Heilk.,  1867,  vol.  viii,  pp.  351  and  476. 
'  Centralbl.  f.  d.  nied.  Wiss..  1876,  vol.  xiv,  p.  5. 
*^Tiedemann  u.  CJmelin,  Die  \'erdauung  nach  V 
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'  the  same  as  that  attaching  to  bilirubin.    Their  demonstration  is, 
5ver,  attended  with  much  difficulty  (see  Feces), 
olesterin. — Cholesterin  has  "never  been  found  in  icteric  urines, 
is  only  rarely  seen  in  other  pathological  conditions.    It  has 

observed  in  cases  of  chyluria,  fatty  degeneration  of  the  kidneys, 
stes,  in  one  case  of  epilepsy,  in  eclampsia,  and  in  several  cases 
"egnancy.  v.  Jaksch  noted  cholesterin  crystals  in  a  urinary  sedi- 
t  in  a  case  of  tabes  and  cystitis.  Glinsky  records  a  similar  obser- 
•n.  Harley  found  it  repeatedly  in  cases  of  pyuria.  Reich  states 
he  found  diolesterin  crystals  of  the  size  of  a  dollar  in  the  urine  of 
se  of  chronic  cystitis.  Hirschlaff  found  larger  quantities  in  the 
^  of  a  case  of  hydronephrosis;  on  one  occasion  5.8  grams  in  100 
of  urine.  I  have  found  cholesterin  crystals  in  the  sediment  in 
3e  of  acute  nephritis.  Guterbock  described  a  urinary  calculus 
ined  from  the  bladder  of  a  woman  which  consisted  almost 
ely  of  cholesterin  (see  also  Feces\  Langgaard  noted  the  pres- 
of  the  substance  in  a  case  of  chyluria.^ 
thological  Urobilin. — ^This  pigment  should  not  be  confounded 

the  urochrome  or  normal  urobilin  described  above,  to  which 
closely  related,  but  from  which  it  may  be  distinguished  by  means 
le  spectroscope.  Gautier  states  that  pathological  urobilin  may 
btained  from  urochrome  by  submitting  the  latter  to  the  action 
Kiucing  agents;  and,  as  I  have  already  pointed  out,  Riva  and 
dera  obtained  a  substance  from  urobilin  by  the  action  of  potas- 

permanganate,  which  closely  resembles  urochrome.  It  is  said 
B  identical  with  the  siercobilin  found  in  the  feces,  but  diflFers 

Maly's  hydrobilirubin  in  containing  a  much  smaller  percentage 
itrogen,  viz.,  4.11,  as  compared  with  9.22  (Grarrod  and  Hop- 
I.  While  its  occurrence  in  the  urine  is  essentially  a  pathological 
omenon,  it  is  at  times  also  met  with  in  normal  urine,  and 
ars  to  be  derived  from  a  special  chromogen,  urobilinogen,  from 
h  it  may  be  set  free  by  the  addition  of  an  acid.  Both  urobilin 
its  chromogen  are  precipitated  by  saturating  the  urine  with 
onium  sulphate,  and  both  are  soluble  in  chloroform.  Accord- 
o  Maly,  urobilin  is  formed  by  the  reduction  of  biUrubin  in  the 
dne,  and  is  then  in  part  resorbed  and  eliminated  in  the  urine. 
;m,  on  the  other  hand,  proposed  the  hypothesis  that  the  sub- 
«  originates  in  a  diseased  or  disordered  liver,  as  biUrubin  does 
e  same  organ  in  health,  and  accordingly  he  regards  the  appear- 

of  much  urobilin  in  the  urine  as  evidence  of  hepatic  insuf- 
icy.  Others,  again,  maintain  that  urobilin  is  formed  in  the 
BS  at  large  either  by  the  reduction  of  bilirubin  or  directly  from 
>lood  pigment.    The  first  view  is  notably  held  by  Kunkel,  Mya, 

Jaksch,  Klinische  Diagnostik,  4th  ed.,  p.  339.     Glinsky,  Maly's  Jahresber., 
vol.  TYJii,  p.  484.     LAngsaard,  Virchow's  Archiv,  vol.  Ixxxvi.     W.  Hire- 
,  Deutsch.  Arch.,  1899,  vol.  bdi,  p.  53. 
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Giarr^,  and   others,    while    the   hematogenous    theoiy  is   notaUj 
represented  by  Gerhardt.    Garrod  discusses  these  various  hypotheses 
at  some  length  in  his  most  interesting  lecture  on  the  urinaiy  pig- 
ments in  their  pathological  aspects,  in  which  he  personally  inclines 
to  the  intestinal  theory,  as  now  held  by  Miiller,  Schmidt,  Esser,  and 
others.     In  a  work  of  this  scope  it  would  lead  too  far  to  discuss 
the  various  investigations  which  lend  themselves  in  support  of  this 
view,  and  I  can  here  quote  only  the  following  from  Garrod's  paper: 
**The  chief  seat  of  the  formation  of  urobilin  (for  it  is  convenient  to 
employ  this  term  as  including  both  pigment  and  chromogen)  is 
undoubtedly  the  intestinal  canal.    This  can  only  be  gainsaid  by 
denying  the  identity  of  the  urinary  and  fecal  pigments.    The  quan- 
tity normally  present  in  the  feces  is  far  larger  than  that  which  enteis 
the  intestine  with  the  bile  (when  a  small  amount  is  found),  and 
there  is  strong  evidence  that  the  urobilin  in  bile  is  itself  of  intesti- 
nal origin.    This  being  so,  it  is  clear  that  theories  other  than  the 
intestinal  and  its  modifications  merely  attempt  to  trace  a  second 
source  for  the  urobilin  of  the  urine.     It  is  equally  clear  that  the 
substance  from  which  the  intestinal  urobilin  is  formed  is  the  bile 
pigment.     Under  ordinary  conditions  the  bile  pigment  is  destroyed 
in  its  passage  along  the  intestine,  and  does  not  appear  as  sudi  in 
the  feces.     In  its  place  we  find   large  quantities  of  urobilin,  whidi 
in  its  turn  disappears  when  occlusion  of  the  common  duct  prevents 
the  entrance  of  bile  into  the  intestine.     Again,  when  under  certain 
morbid  conditions  the  bile  pigment  passes  along  the  intestine  unal- 
tered, urobilin  is  absent  from  the  feces.     However,  the  conversion 
of  bilirubin  into  urobilin  is  no  mere  process  of  reduction,  but  in- 
volves a  much  more  radical  change,  with  elimination  of  nitrogen. 
That  the  change  is  brought  about  by  bacterial  action  there  is  much 
evidence  to  show.     When  bile  is  inoculated  with  fecal  material  and 
kept  in  an  incubator  a  formation  of  urobilin  rapidly  takes  place,  and 
at  the  same  time  the  bile  pigment  diminishes,  and  ultimately  dis- 
appears." 

From  its  frequent  occurrence  in  febrile  urines  pathological  urobilin 
has  also  received  the  name  febrile  urobilin. 

Its  presence  is  very  common  in  hepatic  cirrhosis.  In  12  cases  of 
the  atrophic  and  hypertrophic  variety  v.  Jaksch  was  able  to  demon- 
strate urobilin  in  everj'  instance,  a  point  which  may  at  times  be  of 
considerable  diagnostic  importance.  I  have  obser\Td  urobilin  in  a  few 
cases  of  hepatic  cirrhosis,  chronic  malaria,  and  pernicious  anemia,  in 
all  of  which  the  skin  presented  a  light  icteric  hue,  and  in  which  bile 
pigment  was  absent  from  the  urine.  Unfortunately,  an  examination 
of  the  blood  was  not  made,  and  I  have  hence  not  l)een  able  to  con- 
firm the  statement  of  v.  Jaksch  that  biUrubin  occurs  in  the  blood 
in  almost  every  case  in  which  urobilin  is  present  in  the  urine.  Syl- 
laba,  however,  has  shown  that  in  pernicious  anemia,  urobilinuria 
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• 

^  quite  constantly  associated  with  bilirubinemia   (see  the  latter). 

Ut)bilin  has  also  been  noted  in  cases  of  carcinoma,  scurvy,  Addi- 

'^n's  disease,  hemophilia,  in  cases  of  retro-uterine  hematocele,  in 

■^la-uterine   pregnancy,   following  intracranial   hemorrhages,   etc. 

According  to  Bargellini,  the  degree  of  constipation  in  simple  atony 

*  the  bowel  is  without  influence  upon  the  amount  of  urinary  uro- 

^Jin,  but  he  states  that  in  typhoid  fever  it  causes  an  obvious  increase; 

'uereas  disinfection  or  emptying  of  the  large  bowel  produces  a  notable 

l^Jninution  in  the  amount.     Urobilinuria,  according  to  Bamberger,* 

s  common  early  in  secondary  syphilis  and  referable  to  increased 

i^truction  of  red  cells.     In  some  cases  the  urobilinuria  is  only 

observed  after  the  mercurial  treatment  has  been  instituted,  and  sub- 

^uently  disappears. 

Urines  rich  in  urobilin  usually  present  a  dark-yellow  color  which 
5  strongly  suggestive  of  the  presence  of  bilirubin;  even  the  foam 
n  such  cases  may  be  colored,  making  the  resemblance  between  the 
wo  pigments  still  more  complete.  This  dark  color,  however,  is  not 
lue  to  urobilin,  but  to  associated  pigments. 

Gerhardt's  Test. — If  the  urine  contains  much  urobilin,  which 
he  color  will  indicate,  10  to  20  c.c.  are  extracted  with  chloroform  by 
baking,  and  the  extract  treated  with  a  few  drops  of  a  dilute  solu- 
ion  of  iodopotassic  iodide.  Upon  the  further  addition  of  a  dilute 
olution  of  sodium  hydrate  the  chloroform  extract  is  colored  a  yellow 
T  yellowish  brown,  and  exhibits  a  beautiful  green  fluorescence;  this 
5  even  more  intense  than  that  noted  in  the  case  of  normal  urobilin. 

Brauxstein's  Test. — ^The  reagent  is  composed  of  100  c.c.  of  a  con- 
entrated  solution  of  copper  sulphate,  6  c.c.  of  concentrated  hydro- 
hloric  acid,  and  3  grams  of  ferric  chloride;  20  c.c.  of  urine  are 
reated  with  3  to  4  c.c.  of  the  reagent  and  shaken  with  chloroform, 
n  the  presence  of  urobilin  a  rose  to  a  red  color  develops. 

Schlesinger's  Test. — 10  c.c.  of  urine  are  treated  with  an  equal 
uantity  of  a  1  per  cent,  solution  of  acetate  of  zinc  in  absolute  alcohol. 
.^he  mixture  is  agitated  and  filtered,  when  in  the  presence  of  urobilin 
de  filtrate  will  show  distinct  fluorescence. 

Spectroscopic  Examination. — ^The  urine  is  best  examined  as 
>llows:  50  c.c.  of  urine  are  extracted  in  a  separating  funnel  with 
myl  alcohol,  which  takes  up  both  the  pigment  and  its  chromogen. 
ifter  standing  for  several  hours  the  urine  is  allowed  to  flow  away 
•y  opening  the  stopcock,  when  the  alcoholic  extract  is  decanted  from 
bove,  and  is  treated  with  a  concentrated  alcoholic  and  ammoniacal 
olution  of  zinc  chloride.  In  the  presence  of  urobilin  the  liquid 
hows  a  beautiful  fluorescence,  and  on  spectroscopic  examination  a 
ingle  band  of  absorption  is  seen  l)etween  b  and  F,  In  acid  solu- 
ions,  on  the  other  hand,  a  single  band  is  likewise  obtained  between  h 

*  Arch.  f.  Dermat.  und  Syph.,  1903,  vol.  Ixvii. 
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and  Fy  but  this  extends  to  the  right  beyond  Fy  and  is  much  darker. 
Should  the  urine  contain  much  urobilin,  its  special  extraction  is  not 
necessaiy.  In  such  an  event  the  acid  urine  shows  the  acid  spectnun, 
while  the  alkaline  band  is  obtained  after  the  addition  of  ammoma. 
(See  also  Bang's  Test.) 

Literature. — ^A.  E.  Grarrod,  loc.  cit.  A.  E.  Garrod  and  F.  G.  Hopldns,  "Ob 
Urobilin,"  Jour,  of  Physiol.,  1898,  vol.  xxii,  p.  451.  Maly,  Centralbl.  f.  d.  mei 
Wiss.,  1871,  vol.  ix,  p.  849.  Hayem,  Gaz.  nebdom.,  1887*  vol.  xxiv,  pp.  520  ud 
534;  and  Gaz.  des  ndp.,  1889,  vol.  Ixii,  p.  1314.  Kunkel,  Virchow^  Arefarr, 
1880,  vol.  Ixxix,  p.  655.  Mya,  Arch.  ital.  di  din.  med.,  1891,  vol.  xxz,  p.  101; 
and  Lo  Sperimentale,  1896,  vol.  1,  p.  71.  Giarr^,  ibid.,  1895,  vol.  xlLx,  p.  89,  ud 
1896,  vol.  1,  p.  81.  F.  Miiller,  Schlesische  Gesellsch.  f.  vateii&nd.  Kultur,  Janu- 
ary, 1892.  A.  Schmidt,  Verhandl.  d.  XIII  Congress,  f.  inn.  Med..  1895,  p.  m 
Esiser,  Untersuchungen  Uber  d.  Entetehungsweise  d.  Hydrobilinibins,  etc.,  Di& 
Bonn.,  1896.  Bargellini,  Lo  Sperimentale,  1892,  vol.  xlvi.  p.  119.  v.  Jakadi, 
Zeit.  f .  HeUk.,  1895,  vol.  xvi,  p.  48.  D.  Gerhardt,  Zeit.  f.  klin.  Med..  1897.  wL 
xxxii,  p.  313. 

Melanin  and  Melanogen. — In  cases  of  melanotic  disease  it  has  beei 
repeatedly  observed  that  the  urine,  which  usually  and  probaUf 
always  presents  a  normal  yellow  color  when  voided,  gradually  be- 
comes darker  upon  exposure  to  the  air,  and  finally  turns  blacL 
Such  urines  generally  contain  melanin  and  its  chromogen  in  solutxm; 
deposits  of  melanin  granules  by  themselves  are  only  occasioiudk 
seen,  and  are  not  characteristic,  as  they  may  also  be  found  in  cases  of  j 
chronic  malarial  intoxication,  etc.  ' 

WTiile  the  occurrence  of  melanin  in  the  urine  is  prol^ly  indica- 
tive in  most  cases  of  the  existence  of  melanotic  tumors,  it  should 
be  stated  that  this  symptom  cannot  be  regarded  as  pathognomonic, 
as  it  may  be  absent  in  the  case  of  melanotic  tumors,  and  present  in 
wasting  diseases  and  inflammatory  affections,  and  may  at  times, 
though  verj^  rarely,  be  associated  with  non-pigmented  growths. 
Nevertheless,  its  occurrence  should  always  be  regarded  vdth  suspicion, 
and,  tiiken  in  conjunction  with  other  symptoms,  will  often  lead  to  a 
correct  diagnosis. 

Tests  for  Melanin  and  Melanogen. — 1.  The  presence  of 
melanogen  may  be  assumed  if  upon  the  addition  of  ferric  chloride 
solution  a  black  precipitate  appears  in  the  urine,  which  is  soluble  in 
a  solution  of  sodium  carbonate,  and  can  be  reprecipitated  as  a  black 
or  l)rownisli-black  powder  by  mineral  acids.  Instead  of  ferric  chlo- 
ride barium  hydrate  may  also  be  used. 

2.  A  few  cubic  centimeters  of  urine  are  treated  with  bromine- 
water,  when  in  the  presence  of  melanin  or  melanogen  a  precipitate  is 
obtained,  which  is  yellow  at  first,  but  gradually  turns  black. 

Literature. — T.  II.  Eiselt,  "  Die  Diagnose  d.  Pigment krebses  durch  d.  Harn." 
Prag.  Vierteljahrschr.  f.  j)mktische  Heilk.,  1858,  iii,  p.  190,  and  18G2,  vol.  iv, 
p.  26.  Senator,  "  Ueber  scliwarzen  Urin,"  Charite  Annal.,  1891.  Hoppe-Sevler, 
Zeit.  f.  physiol.  Chem.,  1891,  vol.  xv,  p.  179.  F.  Grohe,  "  Zur  Gesch.  d.  Mel»- 
naemie/'  Virchow's  Archiv,  1861,  vjI.  xx,  p.  306. 
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Phenol. — ^Phenol,  according  to  Brieger,  occurs  only  in  very  small 
amounts  in  human  urine,  the  usual  phenol  reactions  being  largely 
referable  to  paracresol.  Normally,  about  0.03  gram  is  eliminated 
in  the  twenty-four  hours,  but  in  pathological  conditions  much  larger 
quantities  may  be  found.  Remembering  the  origin  of  phenol,  it  is 
dear  that  an  increased  elimination  may  be  observed  whenever  putre- 
factive  processes  are  going  on  in  the  tissues  and  cavities  of  the  body, 
or  whenever  there  is  an  increase  in  the  degree  of  intestinal  putre- 
fitction,  though  in  the  latter  condition  the  indican  is  usually  the  only 
conjugate  sulphate  that  is  found  increased.  In  peritonitis,  diph- 
theria, erysipelas,  scarlatina,  empyema,  pulmonary  gangrene,  putrid 
bronchitis,  etc.,  an  increased  elimination  of  phenol  is  conmionly 
seen,  as  also  in  certain  cases  of  pernicious  vomiting  of  pregnancy. 
Important  from  a  diagnostic  standpoint,  further,  is  the  fact  that  in 
(moomplicated  cases  of  typhoid  fever  no  increase  is  observed,  while 
Alls  is  conunon  in  tuberculous  meningitis.^  The  largest  amounts, 
lit  course,  are  seen  in  cases  of  poisoning  with  carbolic  acid  or  one  of 
its  derivatives  (hydroquinone,  pyrocatechin,  salicylic  acid),  where 
the  urine  may  darken  on  standing,  thus  simulating  true  melanuria. 

As  the  quantitative  estimation  of  phenol  is  too  complicated  for  the 
purposes  of  the  general  practitioner,  Salkowski's  quaUtative  test  is 
here  also  described.  From  the  intensity  of  the  reaction  certain  con- 
clusions may  be  drawn  as  to  the  amount  present.  It  is  especially 
serviceable  in  cases  of  suspected  poisoning  with  carbolic  acid. 

Salkowski's  Test. — About  10  c.c.  of  urine  are  boiled  in  a  test- 
tube  with  a  few  cubic  centimeters  of  nitric  acid,  and,  on  cooUng, 
treated  with  bromine-water.  The  development  of  a  pronounced 
turbidity  or  the  occurrence  of  a  precipitate  indicates  the  presence 
of  an  incceased  amount  of  phenol. 

Quantitative  Estimation.  Principle. — When  potassium-phenyl 
sulphate  is  treated  with  hydrochloric  acid,  phenyl  sulphate  results, 
which  further  takes  up  one  molecule  of  water,  giving  rise  to  the 
formation  of  sulphuric  acid  and  phenol. 

From  the  action  of  bromine-water  upon  phenol  a  yellowish-white 
crystalline  precipitae  of  tribromophenol  results: 

CjHj.OH  +  6Br  =  3HBr  +  CgHjBrS.OH. 

As  331  (molecular  weight)  parts  by  weight  of  tribromophenol 
correspond  to  94  (molecular  weight)  parts  by  weight  of  phenol,  the 
amount  of  the  latter  contained  in  a  certain  volume  of  urine  is  readily 
determined  according  to  the  equation 

331:94::x:i/;  and  y  = -^^  =  0.28398X, 

331 

^  A.  Strasser,  "  Ueber  d.  Phenolausscheidung  bei  Krankheiten/'  Zeit.  f .  kiln. 
Med.,  vol.  zxiv,  p.  543.  Brieger,  Zeit.  f.  klin.  Med.,  1881,  vol.  iii,  p.  468.  Kast 
u.  Baafl,  Mimch.  med.  Woch.,  1888,  vol.  xxxv,  p.  55. 
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in  which  x  indicates  the  weight  of  the  tribromophenol  found  m  the 
amount  of  urine  employed,  and  y  the  corresponding  quantity  o! 
phenol. 

Method. — From  500  to  1000  c.c.  of  urine  are  treated  with  one-fiMi 
of  an  equivalent  amount  of  dilute  hydrochloric  acid  (1  to  4),  and  dis- 
tilled so  long  as  a  specimen  of  the  distillate  is  rendered  cloudy  upon  the 
addition  of  bromine-water  (1  to  30),  the  specimens  used  for  this  ysi- 
pose  being  carefully  preserved.  The  total  quantity  of  the  filtered  dis- 
tillate, together  with  the  specimens  which  have  been  set  aside,  b  now 
treated  with  bromine-water,  shaking  the  mixture  after  each  addition 
of  the  reagent  until  a  permanent  yellow  color  results.  Beyond  diis 
point  further  addition  is  beset  with  danger,  as  compounds  will  be 
formed  which  contain  more  bromine,  the  presence  of  which  would 
indicate  a  smaller  amount  of  phenol  than  that  actually  contained  in 
the  urine.  After  two  or  three  days  the  precipitate  is  collected  on  i 
filter  which  has  been  dried  over  sulphuric  acid,  washed  with  water 
containing  a  trace  of  bromine,  and  then  dried  over  sulphuric  add 
and  weighed. 

Salol  and  salicylic  acid  may  be  recognized  from  the  fact  that  sodi 
urines  when  treated  with  a  solution  of  ferric  chloride  develop  i 
marked  violet  color  which  does  not  disappear  on  standing.  The 
reaction  thus  differs  from  that  obtained  with  diacetic  acid. 

I 

Alkapton. — Urines  are  at  times,  though  very  rarely,  seen  whidi, 
like  the  phenol  urines,  turn  dark  on  standing,  but  in  which  the 
change  in  color  is  neither  referable  to  the  presence  of  phenol  or  its 
derivatives,  nor  to  melanin.  Such  urines  are  of  a  normal  color  when 
passed,  but  gradually  turn  reddish  brown  upon  exposure  to  the 
air.  Treated  with  a  small  amount  of  alkai,  this  change  occurs 
almost  immediately.  PVhling's  solution  is  reduced  on  the  applica- 
tion of  heat,  while  bismuth  is  not  affected.  Ammoniacal  silver 
solution  is  reduced  in  the  cold,  and  a  temporary  bluish-green  color 
develops  when  the  urine  is  treated  with  a  ferric  salt.  The  fennenta- 
tion  test  is  negative,  and  examination  with  the  polarimeter  shows 
that  the  substance  in  question  is  not  glucose.  With  phenylhydrazin 
no  osazone  is  formed. 

Bckleker,  who  first  observed  a  urine  of  this  kind,  termed  the  sub- 
stance giving  rise  to  the  reactions  just  described  alkapton,  and  sub- 
secjuently  expressed  the  belief  that  his  alkapton  might  possibly  have 
l)een  pyrocatechin.     Subsequent  investigators  succeeded  in  isolating 
substances  from  such  urines  which  have  been  variously  termed  pvro- 
catechuic  acid,  urrhodinic  acid,  glucosuric  acid,  uroleucinic  acid,  and 
uroxanthinic  acid.     Baumann  and  Wolkow  later  were  able  to  iso- 
late homogentisinic  acid  in  pure  form  from  the  urine  of  such  cases, 
and  expressed  the  belief  that  some  of  the  substances  obtained  by 
previous  observers  were  in  reality  the  same.     Since  that  time  this 
acid  has  also  been  found  by  Garrod,  Ogden,  Stange,  Stier,  and  others. 
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Of  the  origin  of  alkapton  Uttle  is  known.  Baumann  expressed 
the  opinion,  that  homogentisinic  acid  might  be  derived  from  tyrosin, 
and  that  the  condition  is  referable  to  the  activity  of  special  micro- 
oiganisms  in  the  upper  portions  of  the  intestines.  As  a  matter  of 
fact  the  amount  of  homogentisinic  acid  can  be  materially  increased 
by  the  administration  of  tyrosin,  and  Mittelbach  has  shown  that 
if  the  substance  is  given  in  frequently  repeated  and  small  doses 
almost  the  entire  amount  reappears  in  the  urine  as  homogentisinic 
acid.  Tyrosin,  however,  belongs  to  the  para-series,  while  homogen- 
tisinic acid  is  an  or^Ao-compound,  so  that  the  transformation  of  tyro- 
sin into  homogentisinic  acid  cannot  be  a  direct  process,  and  it  has 
accordingly  heen  questioned  whether  Baumann's  view  regarding  the 
origin  of  alkapton  is  correct.  There  is  evidence  indeed  to  show  that 
homogentisinic  acid  does  not  originate  in  the  intestines,  viz.,  is  not  a 
product  of  bacterial  activity.  It  has  thus  been  found  that  the  alkap- 
tonuria does  not  cease  during  starvation,  and  that  a  restriction  of  the 
putrefactive  processes  in  the  intestines  by  means  of  oil  of  turpentine, 
a  kefir  diet,  and  the  administration  of  /3-naphthol  does  not  lead 
to  a  diminished  elimination  of  homogentisinic  acid.  It  has  never 
been  found  in  the  feces,  moreover,  and  Garrod  has  shown  that  after 
inoculation  of  common  bouillon,  meat  juice,  or  tyrosin  broth  with 
alkaptonuric  feces  homogentisinic  acid  is  not  formed.  On  the  other 
hand,  Embden  observed  that  when  an  alkaptonuric  individual  took 
homogentisinic  acid  by  the  mouth  a  far  larger  portion  appeared  in 
the  urine  than  when  the  same  substance  was  administered  to  a  healthy 
individual,  which  suggests  that  the  .alkaptonuria  may  be  referable  to 
impairment  of  the  normal  processes  of  oxidation.  Very  significant  is 
the  discovery  that  a  notable  increase  follows  the  administration  of 
phenylalanin,  and  that  the  ingestion  of  phenylacetic  acid  will  increase 
the  power  of  reduction  and  of  rotation  of  the  urine.  Phenylpro- 
pionic  acid  and  benzoic  acid  cause  no  increase  in  the  elimination  of 
homogentisinic  acid. 

The  prevailing  view  is  that  alkaptonuria  is  a  metabolic  anomaly 
comparable  to  glucosuria  and  cystinuria;  but,  unlike  glucosuria,  it 
can  scarcely  be  regarded  as  an  expression  of  a  pathological  process. 
It  may,  of  course,  occur  in  individuals,  suffering  from  disease,  and 
has  been  observed  in  connection  with  glucosuria,  in  acute  gastro- 
intestinal catarrh,  in  phthisis,  acute  miliaiy  tuberculosis,  in  one  case 
of  brain  tumor,  carcinoma  of  the  prostate,  etc.  More  frequently  the 
condition  is  accidentally  discovered  in  apparently  healthy  individuals, 
and  has  repeatedly  been  confounded  with  glucosuria  owing  to  the 
positive  reduction  test  with  Fehling's  solution. 

Grarrod,  from  an  analysis  of  all  the  reported  cases,  concludes  that 
the  condition  is  nearly  always  congenital.  In  32  known  instances 
which  were  presumably  congenital,  19  occurred  in  seven  families. 
One  family  contained*  4  alkaptonurics,  three  others  3,  and  the  re- 
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maining  three  2  each.  In  fully  60  per  cent,  of  the  cases,  it  appeals 
from  Garrod's  studies,  the  parents  of  alkaptonurics  were  first  odusids. 
There  is  thus  far  only  one  known  instance  in  which  ihe  anomaly  has 
been  transmitted  by  an  alkaptonuric  father  to  his  son. 

The  condition  commonly  persists  through  years  and  perhaps  a  life- 
time. It  may  also  occur  as  a  transitory  abnormali^,  however,  as  is 
apparent  from  the  case  of  Hirsch,  in  which  the  condition  persisted 
for  three  days,  and  the  case  of  Geyger,  in  which  the  alkaptonuria  was 
observed  on  only  two  days.  A  few  observers  further  report  the 
occurrence  of  alkaptonuria  shortly  preceding  death. 

Very  interesting  in  this  connection  is  the  observation  of  Osier  and 
others  that  the  urine  of  patients  with  ochronosis  will  darken  on  stand- 
ing and  may  contain  homogentisinic  acid.  The  pigmentation  of  the 
cartilages  thus  seemed  to  be  a  possible  morphological  expression  of  the  . 
urinary  abnormality.  But  as  Garrod  has  already  stated,  it  is  possible 
also  that  other  substances  besides  homogentisinic  add  may  cause  the 
blackening  of  the  urine  in  ochronosis. 

The  amount  of  homogentisinic  acid  eliminated  in  the  twenty-four 
hours  is  variable,  but  usually  large.  Baumann  found  an  average 
elimination  of  4.6  grams;  the  largest  amount  in  twenty-four  houis 
was  6  grams.  In  Meyer's  case,  a  child  one  and  one-half  years  old, 
3.3  grams  were  passed  pro  die.  Larger  quantities  are  obtained  after 
a  liberal  diet  of  meats  than  with  a  vegetable  diet. 

Isolation  and  Estimation  (Garrod's  Method). — The  urine  is 
heated  nearly  to  boiling  without  any  preliminar}'^  treatment,  and  for 
each  100  c.c.  at  least  5  or  6  grams  of  solid  neutral  lead  acetate  are 
added. 

As  soon  as  the  acetate  is  dissolved,  the  bulky  gray  precipitate 
which  forms  is  removed  by  filtration,  and  the  filtrate,  which  has  a 
pale-yellow  color,  is  allowed  tp  stand  for  twenty-four  hours  in  a  cool 
place.  If  the  urine  be  very  rich  in  homogentisinic  acid,  or  if  the 
flask  containing  the  filtrate  be  placed  upon  ice,  minute  acicular 
crystals,  which  are  almost  colorless,  quickly  form;  but  as  a  rule 
crystallization  does  not  commence  until  several  hours  have  elapsed. 
The  crj'stals  are  then  much  larger,  are  grouped  in  stars  or  rosettes, 
and  are  more  deeply  colored. 

In  summer  weather  it  would  probably  be  desirable  to  start  the 
crystallization  by  artificial  cooling;  but  although  the  process  is  greatly 
accelerated  at  a  low  temperature,  the  total  yield  is  not  materially 
increased. 

If  the  formation  of  the  crystals  be  long  delayed,  the  liquid  may  be 
warmed  again  and  more  lead  acetate  added. 

After  the  lapse  of  twenty-four  hours  crystals  cease  to  form,  even 
when  the  liquid  is  placed  upon  ice. 

The  crystalline  product  so  obtained  is  lead  homogentisinate.  When 
the  crj^stals  are  dissolved  in  hot  water  the  solution  assumes  a  deep- 
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brown  color  with  alkalies;  it  reduces  Fehling's  solution  readily  with 
the  aid  of  heat,  and  yields  a  transitory  deep-blue  color  with  a  dilute 
solution  of  ferric  chloride.  From  the  lead  salt  free  homogentisinic 
acid  may  be  obtained  by  decomposing  it  with  hydrogen  sulphide. 
For  clinical  purposes  the  following  method  also  may  be  employed: 
Baumann's  Method. — ^50  c.c.  of  urine  are  treated  with  15  grams  of 
ammonium  chloride,  which  should  be  brought  into  solution  by  shaking, 
in  a  stoppered  graduate.  After  standing  for  about  twelve  hours  to 
allow  the  uric  add  to  separate  out  the  solution  is  filtered  and  an 
accurately  measured  portion  of  the  filtrate  titrated  with  a  decinor- 
mal  ammoniacal  solution  of  silver  nitrate.  The  titration  is  con- 
tinued until  a  further  reduction  of  the  silver  solution  does  not  occur, 
which  is  ascertained  by  acidifying  a  few  drops  of  the  filtered  mixt- 
^  uie  with  hydrochloric  acid,  when  in  the  presence  of  free  silver  a 
turbidi^  referable  to  silver  chloride  occurs.  Accuracy  within  nar- 
rower lunits  than  \  c.c.  is  scarcely  possible,  as  the  turbidity  refer- 
able to  silver  chloride  can  only  be  recognized  within  0.2  to  0.3  c.c. 
According  to  Baumann,  240  to  245  c.c.  of  the  silver  solution  repre- 
sent 1  gram  of  homogentisinic  acid. 

Literature. — Bddeker,  Annal.  d.  Chemie  u.  PharmakoL,  1861,  vol.  cxvii,  p. 
98.  Baumann  u.  Wolkow,  Zeit.  f.  physiol.  Chem.,  1891,  vol.  xv,  p.  228.  Stier, 
Bcorlin.  klin.  Woch.,  1898,  vol.  xxxv,  p.  185.  Embden,  Zeit.  f.  pnysiol.  Chem., 
1993,  vol.  xvii,  p.  182,  and  vol.  xviii,  p.  304.  Ogden,  Zeit.  f.  physiol.  Chem.,  1895, 
mA.  XX,  p.  280.  Futcher,  N.  Y.  Med.  Jour.,  1898,  vol.  Ixvii,  p.  69.  Garrod, 
Jour.  Physiol.,  1899,  vol.  xxiii,  p.  512;  and  Med.-Chir.  Trans.  Royal  Soc.,  vol. 
Ixxxiiy  p.  367.  E.  Meyer,  Deutsch.  Arch.,  vol.  Ixx,  Heft  5  u.  6.  F.  Wittelbach, 
ibid.,  1901,  vol.  bed,  p.  50. 

Blue  Urines. — Blue  mines  are  sometimes  seen,  the  color  of  which 
is  due  to  indigo  formed  from  urinary  indican  within  the  urinary 
passages.  Their  occurrence  can  only  be  regarded  as  a  medical  curi- 
osi^.  One  case  of  this  kind  is  reported  by  McPhedran  and  Goldie,* 
in  which  after  direct  extraction  of  the  urine  with  ether  only  a  faint 
reaction  was  obtained  on  further  examination,  and  which  probably 
was  referable  to  incomplete  previous  extraction.  Formerly,  when 
indigo  was  employed  in  the  treatment  of  epilepsy,  blue  urines  were 
frequently  seen.  At  the  present  time,  when  methylene  blue  is  occa- 
sionally used  in  the  treatment  of  malaria  and  chyluria,  this  pigment 
is  found  in  the  urine. 

Oroen  Urines. — Green  urines  have  also  been  described;  the  cause 
of  the  color,  however,  has  not  been  ascertained. 

Pigments  referable  to  Drags. — Certain  drugs  may  also  cause  changes 
in  the  normal  color  of  urine,  and  in  doubtful  cases  inquiry  in  this 
direction  should  be  made.  It  has  been  pointed  out  that  carboUc 
acid,  hydroquinone,  pyrocatechin,  and  salol  cause  the  appearance 
of  a  dark-brown  color,  and  that  after  the  administration  of  indigo 

^  Transactions  Association  American  Physicians,  1901. 
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and  methylene  blue  blue  urines  are  voided.  Santonin,  rheum,  and 
senna  color  urines  a  bright  yellow,  so  that  they  may  resemble  icteric 
urines.  ITie  yellow  color  in  such  cases  is  changed  to  an  intense  red 
by  the  addition  of  an  alkali,  and,  if  ammoniacal  fermentation  is  going 
on  at  the  same  time  in  the  bladder,  the  patient  may  believe  himself 
to  be  suffering  from  hematuria.  The  red  color  thus  produced  is  due 
to  the  action  of  the  alkali  upon  chrysophanic  acid.  Wlien  unnes 
containing  copaiba  are  treated  with  hydrochloric  acid  a  red  color 
results,  which  changes  to  violet  upon  the  application  of  heat.  During 
the  administration  of  potassium  iodide,  or  the  use  of  iodine  in  any 
form,  a  dark  mahogany  color  is  obtained  when  the  urine  is  treated 
with  nitric  acid.  In  doubtful  cases  Stokvis'  modification  of  Jaffa's 
test  for  indican  should  be  employed,  when  in  the  presence  of  an  iodide 
the  chloroform  assumes  a  beautiful  rose-red  color. 

For  the  detection  of  other  drugs  and  poisons  in  the  urine  the  reader 
is  referred  to  special  works. 

Ehrlich's  Diazo  Reaction. — Under  certain  pathological  conditions, 
and  especially  in  typhoid  fever,  a  chromogen  may  be  present  in  the 
urine,  which,  when  treated  with  diazo-benzene-sulphonic  acid  and 
ammonia,  imparts  a  red  color  to  the   urine,  varying  from  eosin 
to  a  deep  garnet  red.     This   reaction,  which  is  generally  spoken 
of  as  Ehrlich's  reaction,  or  the  diazo  reaction,  was  at  one  time  re- 
garded as   pathognomonic  of   typhoid  fever.     Subsequent   exami- 
nations, however,  have  shown  that  it  may  also  be  present  in  other 
dise<ases.     Michaelis,  who  has  made  an  exhaustive  study   of  this 
(juestion,  divides  into  four  groups  the  diseases  in  which  the  reac- 
tion has  been  observed.     In  the  first  group,  comprising  diseases  of 
the   nervous   svstem,   chronic   diseases  of   the   heart  and    kidnevs, 
malignant  tumors,  etc.,  the  reaction  is  rarely  seen.     \Mien  present, 
it  usually  indicates  a  secondarj^  infection.     The  second  group  in- 
cludes those  diseases  in  which  the  reaction  is  almost  always  present, 
namely,  typhoid  fever  and  measles.     In  the  diseases  of    the  third 
group   it   is   often,    though   not   invariably,   obser\^ed.     Under    this 
heading  are  classed  scarlet  fever,  erysipelas,  pneumonia,  diphtheria, 
pyemia,  acute  miliary  tuberculosis,  etc.     The  fourth  group  comprises 
pulmonary  tuberculosis,  and  includes  acute  caseous  pneumonia. 

The  value  of  Ehrlich\s  reaction  in  typhoid  fever  was  at  first  overesti- 
mated, but  is  at  present  certainly  underestimated.  I  have  studied 
this  problem  with  great  care,  and  after  many  years'  experience 
maintain,  as  I  did  years  ago,  that  the  test  is  a  most  importiuit  diag- 
nostic aid  in  the  disease  in  question.  As  a  general  rule  the  reac- 
tion is  present  as  early  as  the  fifth  or  sixth  day,  and  may  persist  into 
the  third  week;  it  then  disappears,  but  may  reappear  when  a  relapse 
occurs.  This  fact  is  generally  overlooked  and  should  l^e  borne  in 
mind  in  the  diffe rental  diagnosis  from  acute  tuberculosis.  Excepting 
in  children,  its  absence  from  the  fifth  to  the  ninth  day  usually  indicates 
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31  mild  case.  This  rule,  however,  is  not  without  exception.  When 
the  reaction  is  continuously  present  after  the  third  week  I  am  inclined 
to  suspect  acute  tuberculosis.  It  may  be  present  as  early  as  the 
Fourth  day  of  the  disease. 

In  paratyphoid,  as  in  typhoid  fever,  the  reaction  is  also  fairly  con- 
stant. 

Of  late  much  attention  has  been  paid  to  the  occurrence  of  Ehrlich's 
reaction  in  pulmonary  phthisis.  As  a  result  of  his  investigations 
Michaelis  concludes  that  its  presence  in  such  cases  indicates  either 
that  the  process  is  very  extensive  or  that  it  will  progress  very  rapidly, 
and  that  the  prognosis  is  grave.  A  cure,  be  believes,  is  impossible, 
and  improvement,  if  any,  only  temporary.  Clemens  notes  that  of 
100  cases  of  phthisis  which  ended  fatally  87  showed  the  diazo  reac- 
tion; Kiitimeyer  obtained  positive  results  in  85  cases  out  of  106  which 
died.  Of  13  cases  of  acute  tuberculous  pneumonia  Frankel  and  Troje 
found  a  positive  reaction  in  11.  Grundriss  states  that  in  his  fatal 
cases  the  reaction  was  present  without  exception.  Similar  results 
have  been  obtained  by  Cnopf,  S^,  Groldschmidt,  and  others. 
Michaelis  himself  reports  that  of  111  cases  of  phthisis  which  were 
admitted  to  the  Berlin  Charity  with  well-marked  reaction  80  died 
in  the  hospital,  13  were  discharged  unimproved,  3  were  transferred 
to  other  hospitals,  and  15  left  improved.  In  other  words,  of  these 
111  cases  a  fatal  result  was  known  to  have  occurred  in  72  per  cent. 
Stadelmann  states  that  of  38  other  cases  with  positive  reaction  28 
died  in  the  hospital — i.  c,  about  75  per  cent.  The  subsequent  fate 
of  the  remaining  cases  was  not  ascertained;  but  we  may  well  assume 
that  of  these  at  least  50  per  cent,  died;  so  that  we  may  formulate  the 
general  rule  that  a  fatal  result  may  be  anticipated  in  about  85  per 
cent,  of  all  cases  of  phthisis  in  which  a  positive  reaction  is  obtained. 
Michaelis,  moreover,  suggests  that  the  end  may  be  expected  to  occur 
within  six  months  from  the  time  at  which  a  persistent  Ehrlich  reac- 
tion is  established.  Exceptions  occur,  but  the  above  is  the  rule.  In 
Koch's  institute  at  Berlin  patients  presenting  the  diazo  reaction  are 
not  treated  with  tuberculin  (Brieger).* 

In  tuberculous  peritonitis  the  diazo  reaction  is  found  in  about  25 
per  cent,  of  all  cases. 

As  regards  the  frequency  of  occurrence  of  the  reaction  in  diph- 
theria, it  appears  from  the  observations  of  llivier^  and  others  that 
it  is  decidely  uncommon.  Of  his  own  118  cases,  and  44  additional 
ones  collected  from  the  literature,  only  10  gave  a  positive  result; 
and  of  these,  4  should  be  eliminated  as  they  occurred  in  com- 
plicated cases;  so  that  the  reaction  was  absent  in  about  97  per 
cent. 

*  Discussion  on  Tuberculosis,  Michaelis,  Deutsch.  med.  Woch.,  1901,  vol.  v,  p. 
211. 
'  Thdse  de  Paris,  1898. 
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In  the  scarladnifonn  ervthema  due  to  serum  tieatmeot  tl^ 
reaction  b  absent,  wliOe  in  true  scaiiatina  it  is  fairiy  common. 
Including  a  number  of  cases  collected  from  the  literature  Birier 
found  a  positiTe  reaction  in  41  cases  out  of  73.  He  concludes  that 
in  the  differential  diagnosis  between  the  two  conditions  scarlatiiit 
mav  be  a£Brmed  if  the  reaction  is  positive,  while  if  negative  there  is 
strong  presumpdve  evidence  against  the  disease. 

In  measles  a  posidve  reaction  was  obtained  in  75  of  85  cases. 

Ruttimever  obtained  the  reaction  in  pulmonary  actinomycosis. 

The  reacdon  has  been  referred  to  the  presence  of  alloi^roteiiiic 
acid,^  but  this  is  denied  bv  Qemens. 

As  the  preparadon  of  diemicallj  pure,  crystalline  diazo  com- 
pounds is  a  difficult  process,  Ehrlich  uses  sulphanilic  add,  whid, 
when  treated  with  nitrous  acid  in  a  nascent  state,  gives  rise  to  the 
formadon  of  diazo-benzene-sulphonic  add,  as  is  shown  by  the 
equations : 

1.  XaXO,       -r  Ha    =        Naa  +  HNO,. 

2.  C'.H,  (  +  HXO,  =  CH,  (        "^  N  +  2H,0. 

\SO,H  \SO,/ 

Psum-Ainino-  Dfazo-benzene- 

benaene^ulpbonic  «cid.  rali^ioiiic  add. 

This  is  the  active  principle  in  the  mixture  employed. 

Other  compounds  may,  of  course,  also  be  used,  such  as  meta-amino- 
!>enzene-sulphonic  acid,  ortho-  and  para-toluidin-sulphonic  acid,  etc.; 
but  of  all  these,  Ehrlich  found  the  common  sulphanilic  acid  the  most 
convenient.  Two  solutions,  which  must  be  kept  in  separate  bottles, 
are  employed.  The  one  is  a  5  per  cent,  solution  of  hydrochloric 
acid,  to  which  sulphanilic  acid  is  added  in  the  proportion  of  1  gram 
for  everj'  100  c.c.  The  other  is  a  0.5  per  cent,  solution  of  sodium 
nitrite. 

The  two  solutions  are  mixed  in  the  proportion  of  40  to  1  im- 
mediately before  using.  A  few  cubic  centimeters  of  urine  are  then 
treated  with  an  equal  volume  of  the  reagent;  the  mixture  is  shaken 
and  rendered  alkaline  with  aimnonium  hvdrate.  This  is  best 
allowed  to  flow  down  the  sides  of  the  tube,  so  as  to  form  a  layer 
above  the  mixture.  At  the  junction  of  the  two  fluids  a  colored  ring 
will  now  he  observed.  With  urines  which  do  not  contain  the  chro- 
inogen  this  will  be  a  more  or  less  distinct  orange,  while  in  its  pres- 
ence a  red  color  is  obtained.  The  intensity  of  this  color  may  vary 
from  eosin  to  a  deep  garnet  red.  If  the  mixture  is  now  agitated 
and  the  reaction  is  positive,  the  foam  will  likewise  be  colored  red, 
and  upon  pouring  the  solution  into  a  porcelain  basin  containing 

*  Hoiulzynski  u.  l^anek,  Berlin,  d.  deutsch.  chem.  Gres.,  1903,  vol.  xxxv,  p. 
2951. 
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^^li  water  a  beautiful  salmon  color  is  obtained,  even  if  only  traces 
e  chromogen  are  present.  Carried  out  in  this  manner  no  ques- 
will  arise  as  to  the  presence  or  absence  of  the  reaction.  Ehr- 
^^  states  that  on  standing  a  green  sediment  forms  in  the  alkalinized 
^^^ture,  and  he  regards  this  sediment  as  especially  characteristic. 
^^  experience  has  been  that  this  becomes  manifest  only  when  the 
^Xor  reaction  is  well  pronounced,  and  I  am  inclined  to  attach  more 
>>.portance  to  the  salmon  color  obtained  upon  copious  dilution. 
Vlth  normal  urines  this  is  never  obtained,  and  it  can  still  be 
^en  when  inspection  of  the  fluid  in  the  test-tube  would  leave  in 
L^ubt. 

The  older  method  of  Ehrlich  I  have  abandoned,  as  the  test  just 
lescribed  is  simpler,  and,  in  my  experience,  just  as  reliable.  He 
fcdvised  the  addition  of  about  50  c.c.  of  absolute  alcohol  to  10  c.c. 
>f  urine,  subsequent  filtration,  and  examination  of  the  filtrate,  as 
just  described. 

Greene  states  that  if  1  part  of  the  sodium  nitrite  solution  is  added 
to  100  instead  of  40  parts  of  the  sulphanilic  acid  solution,  a  positive 
reaction  is  no  longer  obtained  in  cases  of  croupous  pneumonia  and 
jf  pulmonary  tuberculosis,  while  in  typhoid  fever  the  reaction  occurs 
m\h  the  same  intensity. 

While  in  the  absence  of  the  chromogen,  as  I  have  already  stated, 
%  more  or  less  pronounced  orange  color  is  usually  obtained,  excep- 
tions have  been  noted.  Elirlich  thus  records  that  in  urines  contain- 
ing biHary  coloring  matter  an  intensely  dark,  cloudy  discoloration 
)ccurs  at  times,  which  upon  boiling  is  changed  to  a  well-marked 
leddish  violet.  In  rare  instances  of  ulcerative  endocarditis,  hepatic 
tbscess,  and  intermittent  fever,  and  more  commonly  in  pneumonia 
ibout  the  time  of  the  crisis,  Ehrlich  further  observed  an  intense  yolk- 
rellow  color,  before  the  addition  of  the  ammonia,  which  becomes 
K>mewhat  lighter  after  this  is  added.  The  reaction  is  supposedly 
•eferable  to  urobilinogen  {egg-yellow  reaction). 

Of  interest  is  the  observation  of  Burghart,  that  after  the  adminis- 
:ration  of  tannic  acid,  gallic  acid,  and  certain  iodine  preparations, 
Bhrlich's  reaction  disappears  from  the  urine.  But,  as  Burghart 
liimself  suggests,  it  is  likely  that  this  inhibitory  effect  is  not  exerted 
upon  the  diazo-forming  substance,  but  upon  the  reagents  employed. 
Other  factors,  which  may  prevent  the  occurrence  of  Ehrlich's  reac- 
tion, in  pulmonary  tuberculosis  at  least,  are  the  occurrence  of  renal 
[implications  (albuminuria).  Naphthaiin,  after  its  administration 
by  the  mouth,  according  to  my  experience  may  cause  a  reaction,  the 
jolor  of  which  corresponds  exactly  to  that  of  the  diazo  reaction. 

Other  observers  have  noted  a  similar  reaction  after  the  adminis- 
tration of  opium  (morphine,  heroine),  alcohol  in  large  amount,  phenol, 
cresol,  creosote,  and  guaiacol.  Golden,  on  the  other  hand,  denies  its 
[>ccurrence  after  the  use  of  some  of  the  substances  mentioned. 
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LiTBRATURB. — Ehrlich,  Zeit.  f.  klin.  Med.,  1882,  vol.  v,  p.  285;  Chant.  AniiiL, 
1883,  vol.  viii,  p.  28,  and  1886,  vol.  xi.  p.  139.  Goldschmidt,  Mimch.  mnL 
Woch.,  1886,  vol.  xxxiii,  p.  35.  Riitimever,  Corresp.  Blatt.  f.  Schweiier  Aente, 
1890,  vol.  xxvi.  Greene,  Med.  Record,  Nov.  14,  1896.  C.  E.  Simon.  Johnt 
Hopkins  Hosp.  Bull.,  1890.  J.  Friedenwald,  N.  Y.  Med.  Jour.,  1893.  M. 
Michaelis,  Benin,  klin.  Woch.,  1900,  p.  274;  and  Deutsch.  med.  Woch.,  1899,  ]>. 
156.     J.  R.  Ameill,  Amer.  Jour.  Med.  Sci.,  1900,  p.  296. 

Ehrlich's  Dimethylaminobenzaldehdye  Reaction. — Ehrlich  has  shown 
that  under  various  pathological  conditions  a  fine  cherry-red  ccior 
develops  on  shaking  a  specimen  of  urine  with  a  few  drops  of  dimethjl- 
aminobenzaldehyde  in  acid  solution,  and  that  the  resulting  pigment 
can  be  in  part  extracted  with  chloroform,  and  almost  entirely  so  with 
epi-  or  dichlorhydrin.  With  normal  urines  a  similar  reaction  can  be 
obtained,  but  it  is  much  less  intense,  and  if  done  at  ordinary  tempera- 
tures a  distinct  red  color  does  not  develop.  On  heating,  however, 
it  appears,  and  can  likewise  be  extracted  with  epichlorhydrin.  The 
reaction,  according  to  O.  Neubauer,  is  due  to  urobilinogen. 

As  regards  the  occurrence  of  the  reaction  in  disease  I  can  summarize 
my  results  as  follows :  (1)  A  direct  reaction,  of  pathological  grade,  does 
not  occur  in  health.  (2)  A  positive  reaction  is  most  commonly  ob- 
tained in  cases  of  tuberculosis.  (3)  It  may  also  be  seen  in  non-tube^ 
culous  cases,  both  febrile  and  non-febrile.  (4)  It  is  not  dependent 
upon  the  presence  of  the  body  which  gives  rise  to  the  diazo  reaction.  . 
(5)  For  its  production  elevation  of  temperature,  gastro-intestinal  dis- 
turbances, and  cyanosis  are  not  essential.  (6)  Common  to  all  cases 
seems  to  be  an  increased  katabolism  of  the  tissue  albumins. 

My  positive  results  include  cases  of  pulmonary  tul>erculo.si5. 
tuberculosis  of  the  hip-joint,  pneumonia,  typhoid  fever,  appendi- 
citis, embarras  gastrique,  icterus,  malignant  endocarditis,  empyema, 
esophageal  carcinoma,  and  a  remarkable  instance  of  traumatic  neu- 
rosis, in  which  a  loss  of  weight  of  from  sixty  to  seventy-five  pounds 
had  occurred. 

My  list  of  negative  cases,  on  the  other  hand,  includes,  first  of 
all,  a  large  number  of  normal  or  supposedly  normal  individuals;  in 
addition,  cases  of  normal  labor,  neurasthenia,  hysteria,  dial)etes, 
aortic  aneurysm,  myelogenous  leukemia,  lymphatic  leukemia,  acute 
nephritis  (scarlatinal),  simple  diarrhea,  morphinism,  valvular  dis- 
ease, phthisis  (stationary),  diphtheria  (before  and  after  the  use  of 
antitoxin),  typhoid  fever,  cases  of  abortion,  appendicitis,  influenza, 
chronic  nephritis,  cystitis,  pyelitis  (calculous),  measles,  tuberculosis 
of  the  hip-joint,  cystic  kidney,  carcinoma  of  the  kidney,  tonsillitis, 
acute  and  chronic  l)ronchitis,  pneumonia,  icterus,  tuberculous  perito- 
nitis, general  erythema;  varicocele;  following  various  operations, 
such  as  nephrorrhapliy,  removal  of  pus  tubes,  operations  for  vesico- 
vaginal fistula,  fistula  in  ano,  and  suspension  of  the  uterus.  Exami- 
nation of  a  urine  containing  cystin  and  diamins  was  also  negative. 
A  comparison  of  the  negative  with  the  positive  cases  will  show  at 
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>iice  that  not  all  cases  of  pulmonary  tuberculosis,  tuberculous  hip- 
oint  disease,  pneumonia,  typhoid  fever,  appendicitis,  and  icterus 
pve  a  positive  result.  So  far  as  tuberculosis  is  concerned,  however, 
t  appears  that  the  reaction  is  more  Ukely  to  occur  in  the  actively 
>Togressive  cases  than  in  those  which  are  more  or  less  stationary. 
[t  was  also  noted  that  the  positive  cases  almost  all  gave  a  positive 
liazo  reaction,  while  in  the  negative  cases  this  was  not  obtained. 
Exceptions,  however,  may  also  occur. 

In  my  personal  examinations  I  employed  a  2  per  cent,  solution 
>f  dimethylparaminobenzaldehyde  in  equal  parts  of  water  and  con- 
centrated hydrochloric  acid.  A  few  cubic  centimeters  of  urine  in  a 
;est-tube  are  treated  with  from  5  to  10  drops  of  the  reagent;  the 
nixture  is  set  aside  or  agitated  for  a  few  minutes  and  the  color  then 
noted.  Normal  urines  usually  turn  a  greenish  yellow,  or  the  normal 
2olor  merely  becomes  intensified.  At  times  a  dark-amber  color 
levelops,  though  this  is  less  common  in  health,  unless  the  urine  is 
brought  to  the  boil  before  the  reagent  is  added.  In  this  way  it  is  a 
:»mmon  experience  to  meet  with  moderate  or  dark-amber  tints. 
With  these  reactions,,  however,  I  have  not  occupied  myself,  and, 
like  Clemens  and  Koziczkowsky,  I  have  only  noted  the  reaction  as 
positive  when  a  distinct  cherry-red  color  developed,  either  immediately 
>n  adding  the  reagent  or  after  agitation  or  standing. 

Literature. — Ehrlich,  med.  Woch.,  1901,  No.  15.  Clemens,  Deut«ch.  Arch., 
1901,  vol.  Ixxi,  p.  168.  Koziczkowsky,  Berl.  med.  Woch.,  1902,  vol.  xxxix, 
No.  44.     Simon,  Amer.  Jour.  Med.  Sci.,  1903,  vol.  cxxvi,  p.  471. 


Acetone. 

The  amount  of  acetone  which  may  be  found  in  the  urine  under 
lormal  conditions  varies  between  0.008  and  0.027  gram,  and  is 
jreatly  influenced  by  the  character  of  the  diet.  Whenever  the  car- 
bohydrates are  withdrawn  the  quantity  rapidly  increases  and  reaches 
ts  maximum  about  the  seventh  or  eighth  day.  At  this  time  from 
200  to  700  mgrms.  may  be  eliminated  in  the  twenty-four  hours, 
[f,  then,  carl)ohydrates  are  again  added  to  the  diet,  the  acetonuria 
joon  disappears.  This  result  is  not  reached,  however,  if  fats  are  sub- 
stituted for  the  carlK)hydrates.  The  acetonuria  is  greatest  when  but 
little  albuminous  food  and  no  carbohydrates  at  all  are  ingested,  and 
luring  starvation  the  same  amounts  are  essentially  found.  Increased 
imounts  are  found  in  fevers,  the  various  cachexias,  in  conditions 
issociated  with  inanition,  etc.^  The  source  of  the  acetone  in  these 
»ses  was  formerly  sought  in  the  increased  albuminous  destruction, 

'  V.  Jaksch,  Ueber  Acetonurie  u.  Diaceturie,  Hirschwald,  Berlin,  1885.  Rosen- 
eld,  Centralbl.  f.  inn.  Med.,  1895,  vol.  xv.  Waldvogel,  "Zur  Lehre  von  der 
\cetonurie/'  2Jeit.  f.  klin.  Med.,  vol.  xxxviii,  p.  506. 
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but  according  to  more  recent  research  it  appears  that  in  some  manner 
the  fat  metabolism  is  involved  and  that  the  acetonuria  is  the  result 

Most  important  is  the  diabetic  form  of  acetonuria.  It  may  be 
stated,  as  a  general  rule,  that  the  diagnosis  of  diabetes  mellitus  is 
justifiable  whenever  sugar  and  notable  quantities  of  acetone  are 
found  in  the  urine.  The  amount  of  acetone,  moreover,  stands  in  a 
direct  relation  to  the  intensity  of  the  disease,  the  maximum  excretion 
being  usually  observed  toward  the  fatal  end.*  Whether  or  not  this 
form  of  acetonuria  can  always  be  explained  upon  the  basis  given 
above  remains  an  open  question.  There  can  be  no  doubt,  however, 
that  the  threatening  symptoms  which  are  so  commonly  associated 
with  a  greatly  increased  elimination  of  acetone  will  often  disappear, 
at  least  temporarily,  if  carbohydrates  are  administered  in  laige 
amounts.  It  is  certain,  moreover,  that  diabetic  coma  is  more  apt  to 
occur  when  the  old-fashioned  plan  of  excluding  carbohydrates 
entirely  from  the  dietary  of  diabetic  patients  is  adopted.  HirschfekP 
suggests  that  in  every  case  of  diabetes  the  excretion  of  acetone  be 
carefully  followed,  and  that  large  amounts  of  carbohydrates  be  ad- 
ministered whenever  the  acetonuria  approaches  a  dangerous  extent 

Of  the  febrile  diseases  in  which  acetonuria  has  been  observed 
may  be  mentioned  typhoid  fever,  pneumonia,  scarlatina,  measles, 
acute  miUary  tuberculosis,  acute  articular  rheumatism,  and  septi- 
cemia. In  those  of  short  duration,  on  the  other  hand,  even  if  the 
fever  is  high,  as  in  acute  tonsillitis,  intermittent  fever,  the  hectic 
fever  of  phthisis,  etc.,  an  increased  elimination  of  acetone  is  rarely 
observed.  In  the  continued  fevers  the  acetonuria  is  largely  referable 
to  the  character  of  the  diet,  as  carbohydrates  are  usually  excluded 
entirely,  and  I  have  repeatedly  observed  that  a  return  to  the  normal 
occurred  as  soon  as  sugar  was  administered  in  amounts  varying  from 
50  to  100  grams. 

In  certain  nervous  and  mental  diseases,  as  in  general  paresis, 
melancholia,  following  epileptic  seizures,  and  in  tabes,  acetonuria  is 
frequently  observed.  During  the  second  stage  of  general  paresis 
increased  amounts  are  indeed  quite  constantly  found,  but  Hirschfeld 
is  probably  correct  in  stating  that  the  psychotic  form  of  acetonuria 
is  largely  referable  to  improper  feeding. 

A  notable  degree  of  acetonuria  has  been  obser\^ed  in  connection 
with  the  pernicious  vomiting  of  pregnancy,'  and  in  eclampsia  (Bag- 
inski).  A  certain  amount  of  acetone  occurs  normally  during  the  first 
two  days  of  the  puerperal  period,  but  usually  disappears  by  the  third 
dav. 

^  V.  Jaksch,  Zt'it.  f.  klin.  Med.,  1885,  vol.  x,  p.  302.  Lorenz,  ibid.,  1891,  vol. 
xix,  p.  19. 

^  Beobiichtiingen  iiber  d.  Acetonurie  u.  das  Coma  diabeticum,  2feit.  f.  klin. 
Med.,  vol.  xxviii,  p.  170,  and  vol.  xxxi,  p.  212. 

3  H.  Baldwin,  Amer.  Jour.,  Oct.  1905,  p.  049. 
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According  to  Vicarelli*  acetonuria  ^occurring  in  the  course  of  preg- 
ancy  is  evidence  of  the  death  of  the  fetus.  This  is  possibly  the 
iile,  but  exceptions  have  been  observed. 

In  the  primaiy  diseases  of  the  stomach,  and  notably  in  carcinoma, 
oetonuria  is  frequently  observed,  and  it  is  possible  that  the  acetone 
1  these  cases  is,  to  some  extent  at  least,  formed  in  that  organ  directly 
nom  the  proteids  ingested.  The  facts  that  in  carcinoma  acetone  may 
•e  observed  at  a  time  when  marked  loss  of  flesh  has  not  as  yet  occurred, 
nd  that  larger  amounts  of  acetone  may  be  found  in  the  stomach 
ban  in  the  urine,  are  certainly  in  favor  of  this  view.' 

An  enterogenic  form  of  acetonuria  has  further  been  described,  and 
t  has  been  urged  that  in  these  cases  the  acetone  is  referable  to  the 
ormation  of  unusually  large  amounts  of  fatty  acids.  Acetonuria 
\i  this  type  is  also  observed  following  the  ingestion  of  fatty  acids 
;s  such  (alimentary  form).* 

Aeetoniuia  has  further  been  observed  early  in  the  course  of  acute 
phosphorus  poisoning,  and  may  persist  throughout,  apparently  with- 
out being  an  index  of  the  severity  of  the  case. 

After  chloroform  narcosis  the  condition  is  also  not  uncommon. 

Tests  for  Acetone.  Legal's  Test.^— This  test  may  be  appUed  to 
he  freshly  voided  urine,  but  is  not  conclusive.  Several  cubic  centi- 
neters  of  urine  are  treated  with  a  few  drops  of  a  strong  solution  of 
odium  nitroprusside  and  sodium  hydrate;  the  mixture  assumes  a 
ed  color,  which  rapidly  disappears,  and  in  the  presence  of  acetone 
3  replaced  by  a  purple  or  violet  red  when  acetic  acid  is  added.  As 
i  rule,  it  is  better  to  distil  the  urine  (500  to  1000  c.c.)  after  the  addi- 
ion  of  a  little  phosphoric  acid  (1  gram  pro  liter),  and  to  employ  the 
irst  10  to  30  c.c.  of  the  distillate  for  one  or  more  of  the  following 
ests. 

Lieben's  Test.*^ — A  few  cubic  centimeters  of  the  distillate  are 
"endered  strongly  alkaline  with  caustic  soda  solution  and  treated 
dth  several  drops  of  a  dilute  solution  of  iodopotassic  iodide,  when 
n  the  presence  even  of  traces  of  acetone  a  precipitation  of  iodoform 
n  crystalline  form  occurs.  This  may  be  recognized  by  its  odor 
vhen  the  solution  is  heated,  as  also  by  the  form  of  the  crystals,  which 
>ccur  as  hexagonal  or  stellate  platelets.  If  traces  of  acetone  only  are 
>resent  it  is  necessary  to  let  the  solution  stand  for  a  number  of  hours 
>efore  examining. 

Alcohol  and  acetic  aldehyde  give  the  same  reaction.    For  this  rea- 

'  Prager  mod.  Woch.,  1893,  Bd.  xxxiii  und  xxxv;  also  Knapp,  Centralbl.  f. 
Jyn&k,  1897.       . 

*  H.  Lorenz,  loc.  cit. 

*  Waldvogel  u.  Hagenberg,  "  Ueber  allment&re  Acetonurie,"  2feit.  f.  klin.  Med., 
900,  vol.  xiii,  p.  443. 

*  Le  Nobel,  Arch.  f.  exper.  Path.  u.  Pharmakol.,  1884,  vol.  xviii,  p.  9. 

*  Taniguti  u.  Salkowski,  Zeit.  f.  physiol.  Chem.,  1890,  vol.  xiv,  p.  476. 
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son  Dunning^ s  modification^  is  sometimes  to  be  preferred,  although  it 
is  not  as  delicate.    To  this  end  a  small  amount  of  Lugol's  solution  is 
added  to  the  distillate  and  a  sufficient  amount  of  ammonia  to  produce 
a  black  precipitate  (nitrogen  iodide).    This  disappears  on  standings 
and  in  the  presence  of  acetone  is  replaced  by  iodoform. 

Gunning's  test,  like  that  of  Legal,  may  be  tried  with  the  native  urine 
first. 

Frommer's  Test.^ — ^This  test  also  may  be  applied  directly  to  the 
urine,  and  is  said  to  indicate  the  presence  of  0.000001  acetone  in  8 
c.c.  of  water.     It  does  not  react  with  diacetic  acid. 

About  10  c.c.  of  urine  are  treated  with  about  1  gram  of  caustic 
soda  in  substance  and — without  waiting  for  the  dissolution  of  the  sodi 
to  occur — with  10  to  12  drops  of  an  alcoholic  solution  of  salicylic 
aldehyde  (1  gram  to  10  c.c.  of  absolute  alcohol).  The  mixture  j 
is  heated  to  70°  C.  In  the  presence  of  acetone  a  marked  purple-red 
color  results  at  the  zone  of  contact  with  the  alkali. 

If  the  alkali  is  added  in  solution  the  fluid  first  becomes  vellow, 

•    ' 

later  reddish,  then  purplish  red,  and  finally  dark  carmine  red.    The 
color  change  occurs  more  rapidly  by  heating. 

Denniges'  Test  (as  Modified  by  Oppenheimer).^ — ^The  reagent  is 
prepared  as  follows:  20  grams  of  concentrated  sulphuric  add  are 
poured  into  100  c.c.  of  distilled  water,  when  5  grams  of  freshly  pre- 
pared yellow  mercuric  oxide  are  added.  The  mixture  is  allowed  to 
stand  for  twenty-four  hours  and  is  then  ready  for  use. 

This  reagent  is  added  to  about  3  c.c.  of  urine,  drop  by  drop,  until 
the  precipitate  wliich  is  thus  formed  no  longer  disappears  on  stirring. 
When  this  point  is  reached  a  few  more  drops  are  added.  After  two 
or  three  minutes  the  precipitate  is  filtered  off.  The  clear  filtrate  is 
further  treated  with  about  2  c.c.  of  the  reagent  and  3  to  4  c.c.  of  a 
30  per  cent,  solution  of  sulphuric  acid,  and  boiled  for  a  minute  or 
two,  or,  still  better,  placed  in  a  vessel  with  boiling  water.  In  the 
presence  of  an  abundant  amount  of  acetone  a  copious  white  precipi- 
tate forms  immediately;  while  in  the  presence  of  traces  only  (less 
than  1  to  50,000),  a  slight  cloud  develops  on  standing  for  several 
minutes.  The  precipitate  is  almost  entirely  soluble  in  an  excess  of 
hvdrochloric  acid. 

If  albumin  is  present,  the  urine  becomes  turbid  at  once  when  the 
reagent  is  added.  In  that  case  the  test  is  continued  as  described, 
attention  being  directed  to  the  coarser  precipitate  which  occurs  later. 
To  such  urines  large  amounts  of  the  reagent  must  be  added,  the  idea 
being  to  precipitate  everything  that  can  be  precipitated  with  the 
reagent,  before  heating. 

Oppenheimer  claims  that  the  test  is  as  delicate  as  that  of  Lieben, 

*  Jour,  de  phamiacol.  et  de  chim.,  1881,  vol.  iv,  p.  30. 
'  l^rlin.  klin.  Woch.,  Aug.  7,  1905,  p.  1008. 
«  Ibid.,  1899,  p.  828. 
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»  giving  a  well-pronounced  reaction  with  a  dilution  of  1  to  20,000, 
L  being  still  discernible  with  a  dilution  of  1  to  60,000.  As  diacetic 
3  yields  acetone  when  treated  with  mineral  acids,  a  positive  result 
silways  obtained  when  this  is  present.  But  as  diacetic  acid  is 
tally  found  only  in  association  with  acetone,  this  fact  does  not 
sen  the  value  of  the  test,  and  is  an  error,  moreover,  which  is  common 
the  other  tests  as  well. 

[^nantitative  Estimation  of  Acetone. — For  the  purpose  of  estimat- 
;  the  amount  of  acetone  the  method  of  Messinger,  as  modified  by 
ippert,  is  now  employed,  and  is  greatly  to  be  preferred  to  the  older 
»oedure  of  v.  Jaksch.* 

Principle. — The  method  is  based  upon  the  observation  of  Lieben 
X  acetone  gives  rise  to  the  formation  of  iodoform  when  treated 
h  iodine  in  an  alkaUne  solution.  If  then  a  solution  of  acetone  is 
itted  with  a  known  amount  of  iodine,  it  is  a  simple  matter  to 
ermine  the  quantity  present  by  retitrating  the  iodine  which  was 
;  used  in  the  formation  of  iodoform. 
>olutions  required : 

L.  Acetic  acid  (50  per  cent,  solution). 
I.  Sulphuric  acid  (12  per  cent,  solution). 
J.  Sodium  hydrate  solution  (50  per  cent.). 
L  A  decinormal  solution  of  iodine. 
).  A  decinormal  solution  of  sodium  thiosulphate. 
).  Starch  solution  (see  Boas'  method  of  estimating  lactic  acid). 
Preparation  of  the  solutions: 

I.  The  decinormal  solution  of  iodine  is  prepared  as  described 
5where  (see  Boas'  method  of  estimating  lactic  acid). 
I.  As  the  molecular  weight  of  sodium  thiosulphate — Na2S203.- 
,0 — ^is  248,  a  decinormal  solution  of  the  salt  would  contain  24.8 
ims  to  the  liter.  This  quantity  is  dissolved  in  about  950  c.c. 
distilled  water  and  brought  to  the  proper  strength  by  titration 
h  a  decinormal  solution  of  iodine.  As  1  c.c.  of  the  thiosulphate 
ation  should  correspond  to  1  c.c.  of  the  iodine  solution,  the  neces- 
y  amount  of  water  which  must  be  added  to  the  former  is  then 
ermined. 

Method. — 100  c.c.  of  urine,  or  less  if  much  acetone  is  present, 
determined  by  Legal's  test,  are  treated  with  2  c.c.  of  the 
jtic  add  solution  and  distilled  until  seven-eighths  of  the  total 
lount  have  passed  over.  The  distillate  is  received  in  a  retort 
ich  is  connected  with  a  bulb  tube  containing  water.  As  soon 
seven-eighths  of  the  urine  have  distilled  over,  a  small  amount 
the  distillate  of  the  remainder  is  tested  for  acetone  according 
Lieben's  method.  Should  a  positive  reaction  be  obtained,  it 
1  be  necessary  either  to  repeat  the  entire  process  with  less  urine, 

*  See  Neubauer  u.  Vogel,  Analyse  des  Hams,  9th  ed.,  p.  470. 
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diluted  to  about  200  c.c,  or  to  add  about  100  c.c.  of  water  to  the 
residue  and  to  distil  until  all  the  acetone  has  passed  over.  The 
distillate  is  then  treated  with  1  c.e.  of  the  sulphuric  add  and  iedi9> 
tilled.  The  addition  of  the  acetic  acid  and  of  the  sulphuric  add, 
respectively,  serves  the  purpose  of  holding  back  phenol  and 
monia.  Should  the  first  distillate  contain  nitrous  add,  moreover^ 
which  is  recognized  by  the  addition  of  a  little  starch  paste  contain — 
ing  a  trace  of  potassium  iodide,  when  the  solution  turns  blue,  th& 
acid  is  removed  by  adding  a  little  urea.  The  second  distillate  is 
received  in  a  bottle  provided  with  a  well-ground  glass  stopper,  vod 
holding  about  1  liter.  The  distillate  is  then  treated  with  a  carefuDj 
measured  quantity  of  the  one-tenth  normal  solution  of  io(fine- 
about  10  c.c.  for  100  c.c.  of  urine — and  sodium  hydrate  solution 
until  the  iodoform  separates  out.  To  this  end  a  slight  excess  of  the 
solution  must  be  added.  Should  ammonia  be  present,  a  bladd^ 
cloud  will  be  observed  at  the  zone  of  contact  of  the  sodium  hydrate 
and  the  iodine  solution,  and  it  will  be  necessary  to  repeat  the  entire 
process.  The  bottle  is  closed  and  shaken  for  about  one  minute. 
The  solution  is  then  addified  with  concentrated  hydrochloric  add, 
when  the  mixture  assumes  a  brown  color  if  iodine  is  present  in 
excess.  If  this  does  not  occur  more  of  the  iodine  solution  must 
be  added  and  the  process  repeated  until  an  excess  is  present.  The 
excess  is  then  retitrated  with  the  thiosulphate  solution  until  the  fluid 
presents  a  faint-yellow  color.  A  few  cubic  centimeters  of  stardi 
solution  are  now  added,  and  the  titration  continued  until  the  last 
trace  of  blue  has  disappeared.  The  number  of  cubic  centimeters 
employed  in  the  titration  is  finally  deducted  from  the  total  amount 
of  the  iodine  solution  added,  and  the  result  multiplied  by  0.976. 
The  figure  thus  obtained  indicates  the  amount  of  acetone  contained 
in  the  100  c.c.  of  urine,  in  mgrms.,  as  1  c.c.  of  the  thiosulphate  solu- 
tion is  equivalent  to  1  c.c.  of  the  iodine  solution,  or  to  0.967  mgrm. 
of  acetone. 

Diacetic  Acid. 


The  occurrence  of  diacetic  acid  in  the  urine  must  always  be 
regarded  as  abnormal.  Its  pathological  significance  is  identical  ^^ith 
that  of  acetonuria.  It  is  met  with  especially  in  diabetes,  in  various 
digestive  diseases,  and  in  febrile  diseases.  In  the  continued  feveR 
of  cliildhood  it  is  almost  constantly  present.  H.  Baldwin  noted  its 
presence  in  a  case  of  pernicious  vomiting  of  pregnancy. 

Gerhardt's  Test. — ^To  demonstrate  the  presence  of  diacetic  add  a 
few  cubic  centimeters  of  urine  are  treated  with  a  strong  solution  of 
ferric  chloride  drop  by  drop.  A  precipitate  of  phosphates  is  filtered 
off,  when  more  of  the  iron  solution  is  added  to  the  filtrate.  If  * 
Bordeaux  red  color  appears,  this  may  be  due  to  diacetic  acid.    To 
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^Ise  sure  another  portion  of  urine  is  boiled  and  similarly  treated. 
^  ^liacetic  acid  is  decomposed  on  boiling  no  reaction  at  all  or  only  a 
^^^t  reddish  color  should  be  obtained.  As  further  proof  a  third 
^^^*tion  of  urine  is  acidified  with  sulphuric  acid  and  extracted  with 
t^er.  The  diacetic  acid  is  thus  isolated.  A  positive  reaction,  when 
•^  ethereal  extract  is  shaken  with  ferric  chloride  will  indicate  the 
^^^esence  of  diacetic  acid.  The  color  disappears  on  standing  for 
V-enty-fotu*  to  forty-eight  hours.  A  similar  reaction  is  obtained  with 
^lic^Uc  acid,  antipyrine,  sodium  acetate,  and  other  aromatic  com- 
^unds,  but  the  color  persists  for  days.  Sulphocyanides  like  diacetic 
•eid  will  pass  into  the  ethereal  extract,  but  the  color  does  not  disap- 
pear on  standing. 

Arnold's  Test  Modified  by  Lipliawski). — ^Two  solutions  are  employed, 
iz.,  a  1  per  cent,  solution  of  para-amido-aceto-phenone  and  a  1  per 
ent.  solution  of  potassium  nitrite.  6  c.c.  of  the  first  solution  and 
1  CO.  of  the  second  are  added  to  an  equal  volume  of  urine,  together 
fiih  a  drop  of  concentrated  ammonia.  The  mixture  is  shaken  until 
t  assumes  a  brick-red  color.  From  10  drops  to  2  c.c,  according  to 
he  amount  of  diacetic  acid  present,  are  treated  with  15  to  20  c.c.  of 
oncentrated  hydrochloric  acid  (sp.  gr.  1.19),  3  c.c.  of  chloroform, 
nd  2  to  4  drops  of  an  aqueous  solution  of  ferric  chloride.  The  tube 
3  closed  with  a  cork  and  gently  agitated  (so  as  to  avoid  emulsifica- 
ion),  when  after  one-half  to  one  minute  a  beautiful  and  very  charac- 
eristic  violet  tinge  results  if  diacetic  acid  is  present.  In  its  absence 
he  color  is  yellowish  or  slightly  reddish.  The  violet  color  persists 
br  a  long  time.  BiUrubin,  salicylic  acid,  phenacetin,  antipyrine, 
>henol,  and  other  drugs  are  without  disturbing  influence  upon  the 
"eaction.  Highly  ccdored  urines  should  first  be  filtered  through  ani- 
nal  charcoal. 

Allard  states  that  both  Arnold's  test  and  that  of  Lipliawski  give 
k  positive  result  also  with  acetone,  when  this  is  present  to  the  extent 
»f  more  than  1  per  cent. 

Ltferatuke. — V.  Jaksch,  Uebcr  AoetoDurie  u.  Diaceturie,  loc,  cit.  Ibkl., 
:eit.  f.  HeOk.,  1882,  y(A.  iii,  p.  34.  Schrack,  Jahrbuch  f.  Kinderheilk,,  1HH9, 
(A.  xxix,  p.  411.     V.  Arnold,  Wien.  klin.  Woch.,  WM)^  p.  5-tl. 


Qzybotyrie  Add. 

The  fact  that  in  some  cases  of  diabetes  an  excessive  elimination 
>t  ammonia  was  observed  led  to  the  belief  that  there  must  be  pres- 
ent an  unknown  acid;  this  was  shown  to  be  .i^rvbutvric  acid.  The 
Kxnirrence  of  this  acid  in  the  urine  of  diabetic  patients  »  of  great 
Jinical  interest,  not  only  from  the  standpoint  of  diagnosis,  but  also 
»f  prognosis  and  treatment.  Its  presence  may  always  be  regarded 
3  indicating  a  severe  type  of  the  disease,  and  when  associated  with 
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marked  acetonuria  and  diaceturia  as  indicating  the  possible  occuntDoe 
of  coma. 

According  to  Herter,  the  condition  of  diabetic  coma  is  preceded  by  i 
period  of  days,  weeks,  or  months,  in  which  there  is  a  large  excretioQ 
of  /9-oxybutyric  acid  (20  grams  or  more  in  twenty-four  hours),  and 
in  which  the  nitrogen  in  the  form  of  ammonia  is  largely  increased. 
The  same  writer  states  that  patients  whose  urines  show  or  have 
shown  a  large  excretion  of  organic  acids  are  in  danger  of  devd- 
oping  diabetic  coma;  but  the  nitrogen  of  ammonia  may  temporaiily 
rise  as  high  as  16  per  cent.,  and  yet  coma  may  be  delayed  for  more 
than  seven   months.     The   persistent  excretion   of   more  than  25 
grams   of   /?-oxybutyric   acid   indicates   impending   coma.    Impor- 
tant also  is  the  observation  that  while  as  a  general  rule  the  appear- 
ance of  large  amounts  of  organic  acids  is  associated  with  the  presence 
of  much  sugar,  a  constant  relation  between  the  two  does  not  exist 
There  may  thus  be  much  sugar  and  little  or  no  acid  in  the  urine,  or 
there  may  be  much  acid  and  little  sugar. 

Besides  diabetes,  the  substance  may  be  met  with  in  scarlatina, 
measles,  scurvy,  and  in  starving  insane  patients. 

The  presence  of  oxybutyric  acid  may  be  inferred  in  diabetic  urines 
if  after  fermentation  a  rotation  of  the  plane  of  polarization  to  the 
left  is  observed.     Albumin,  if  present,  must  first  be  removed. 

Quantitative  Estimation  accordiiig   to    Darmstaedter.— This 

method  is  based  on  the  decomposition  of  the  /9-oxj'butyric  acid  with  the 
formation  of  a-crotonic  acid  and  the  estimation  of  the  latter,  lliis 
decomposition  takes  place  according  to  the  equation : 

CH3.CH()H.(^H,.COOH  =  CH3.CH.('H.C00H  -f  H,(). 

/3-oxybutyric  acid,  Crotonic  acid, 

100  c.c.  of  urine  are  rendered  feebly  alkaline  with  sodium  carlx)- 
nate  and  evaporated  on  a  water  bath  almost  to  dryness.  With 
the  aid  of  150  to  200  c.c.  of  sulphuric  acid  (50  to  55  per  cent.)  the 
residue  is  transferred  to  a  liter  flask,  which  is  closed  with  a  doubk 
perforated  stopper.  Through  the  one  aperture  a  drip-tube  passes, 
while  a  bent  glass  tube  passes  through  the  other  to  a  condenser. 
Heat  is  applied,  at  first  mildly,  so  as  to  avoid  foaming;  then  vigorously. 
Water  is  allowed  to  enter  through  the  drip-tube  as  fast  as  the  dis- 
tillate passes  over.  The  distillation  is  interrupted  when  from  300 
to  350  c.c.  have  been  obtained,  which  usuallv  takes  from  two  to  two 
and  one-half  hours.  The  distillate  is  extracted  two  or  three  times 
with  ether.  The  ether  is  distilled  off,  the  residue  heated  for  a  few 
minutes  on  a  sand  bath  to  160°  C.  in  order  to  drive  off  any  fatty  acids 
that  may  be  present,  and  then  dissolved  on  cooling  with  50  c.c.  of 
water.  The  solution  is  filtered  and  the  filter  washed  with  a  littk 
water.  The  aqueous  solution  of  the  crotonic  acid  is  now  titrated 
with  a  decinormal  sodium  hydrate  solution,  using  phenolphthalein  as 
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indicator.  1  c.c.  of  the  soda  solution  corresponds  to  0.0086 
im  of  crotonic  acid.  The  corresponding  amount  of  oxybutyric 
d  is  obtained  by  multiplying  by  1.21.  Sugar  does  not  interfere 
:h  the  process. 

[f  it  is  only  desired  to  prove  the  presence  of  oxybutyric  acid  in 
J  urine,  this  method  can  also  be  conveniently  employed.  The  ero- 
de acid  is  obtained  from  the  ethereal  extract,  and  recognized  by 
melting  point,  .72°  C.  If  necessary,  it  can  be  purified  by  solu- 
n  in  water  and  reextraction  with  a  small  amount  of  ether  and 
>sequent  evaporation,  viz.,  distillation  of  the  ether. 

LITERATURE. — V.  Jaksch,  Ucber  Acetonurie  u.  Diaceturie,  loc.  cit.  H.  Wolpe, 
h.  f.  exper.  Path.  u.  Pharmakol.,  1886,  vol.  xxi,  p.  131.  Herter,  "The  Acid 
oxication  of  Diabetes  in  its  Relation  to  Prognosis,"  Jour,  of  Exper.  Med., 
1,  vol.  V,  p.  617.  E.  Darmstaedter,  Zeit.  f.  phys.  Cliem.,  1903,  vol.  xxxvii, 
555. 

Crotonic  Add. 

\s  has  just  been  shown,  crotonic  acid  is  a  derivative  of  oxybu- 
ic  acid.  Its  presence  in  the  urine  as  such  has  not  as  yet  Ix^n 
ablished,  and  it  is  likely  that  statements  to  the  contrary  are  based 
on  findings  of  the  acid  in  the  distillate,  especially  when  the  dis- 
ation  has  been  carried  on  after  the  addition  of  sulphuric  acid  to 
^  urine.  But  even  in  the  absence  of  a  free  acid  a  small  amount 
crotonic  acid  results  from  oxjbutyric  acid  on  boiling. 


Lactic  Add. 

^arcolactic  acid  is  normallv  absent  from  the  urine,  but  is  met 
'h  in  pathological  conditions,  and  particularly  in  hepatic  disea.ses, 
the  liver  is  normally  concerned  in  the  decomposition  of  lactic 
d  and  of  the  lactates  that  have  been  ingested  with  the  fcxKl,  As 
3  been  pointed  out,  moreover,  there  Is  evidence  to  show  that 
portion  of  the  nitrogen  eliminated  from  the  Ixxly  reaches  the 
er  as  ammonium  lactate,  and  Is  here  transformed  int^>  urea, 
a  consequence,  lactic  acid  appears  in  the  urine  whenever,  as 
phosphorus  poisoning,  acute  yellow  atrophy,  etc.,  extensive 
struction  of  the  hepatic  parenchyma  rx.'curs,  and  the  fonriation 
urea  is  consequently  impaired.  In  such  cases  the  elimination  of 
tic  add  is  associated  with  an  increaserl  excretion  of  ammonia,  'llie 
ne  will  occur  when,  owing  tr>  insufficient  oxygenation  of  the  bk^xl, 
5  power  of  oxidation  on  the  part  of  the  liver  is  interfered  with, 
s  accordingly  find  bctic  acid  in  the  urine  in  the  chronic  anemias, 
cases  of  poisoning  with  carfir^n  monoxide,  in  a^tvKriation  with  the 
rious  forms  of  dreulatr^ry  ami    resjiirat/^rv'  dy.«j|jHH;a,  in  rrases  of 
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epilepsy  immediately  after  the  attack,  following  excessive  muscular 
exercise,  as  in  soldiers  after  forced  marches,  etc. 

In  order  to  test  for  lactic  acid,  the  urine  is  evaporated  on  a  water 
bath  to  a  thick  syrup  and  extracted  with  95  per  cent,  alcohol.  Tlus 
is  decanted  off  after  twenty-four  hours,  evaporated  to  a  syrup,  acidi- 
fied with  dilute  sulphuric  acid,  and  extracted  with  ether,  so  long  as 
this  presents  an  acid  reaction.  The  ether  is  then  distilled  off. and 
the  residue  dissolved  in  water.  This  solution  is  treated  with  a  few 
drops  of  a  solution  of  basic  lead  acetate,  filtered,  the  excess  of  lead 
removed  by  means  of  hydrogen  sulphide,  and  the  filtrate  evaporated 
to  dryness  on  a  water  bath,  when  the  lactic  acid  will  remain  behind 
as  a  slightly  yellowish  syrup.  This  is  then  dissolved  in  a  little 
water,  the  solution  is  saturated  with  zinc  carbonate,  and  boiled 
Zinc  lactate  will  separate  out  upon  evaporation,  especially  if  a  little 
alcohol  is  added,  and  may  be  recognized  by  the  form  of  its  aystak, 
viz.,  small  prisms.  These  crystals  are  levorotatoiy,  soluble  in  alco- 
hol (1  to  1100),  and  contain  two  molecules  of  water  of  ciystallization, 
which  is  lost  at  105®  C,  so  that  the  loss  of  weight  after  heating  to 
this  temperature  must  correspond  to  12.9  per  cent. 

Literature. — O.  Minkowski,  "  Ueber  den  Einfluss  d.  Leberextirpation  auf  A 
Stoffwechsel,"  Arch.  f.  exper.  Path.  u.  Pharmakol.,  vol.  xxi,  p.  41 ;  and  "  Ueber 
Ursache  d.  Milchsdureausscheidung  nach  Leberextirpation/'  ibid.,  vol.  xxxi.  p. 
214.  G.  Colosanti  u.  R.  Moscatelli,  ''  Ueber  d.  Milchsauregehalt  d.  menschlicooi 
Hams,"  ibid.,  vol.  xxvii,  p.  158.  Jnouye  and  Saiki,  "  Lactic  Acid  after  EfMlepdc 
Attacks,"  Zeit.  f.  physiol.  Chera.,  1903,  vol.  xxxvii,  p.  203. 


Oxyamygdalic  Acid. 

Schultzen  and  Riess^  discovered  an  acid  in  the  urine  of  patients 
who  had  died  from  acute  yellow  atrophy  to  which  they  gave  the 
formula  CgllgO^.  They  regard  it  as  oxyamygdalic  acid  and  suppose 
it  to  be  derived  from  tyrosin,  which  w^as  also  found,  according  to 
the  equation: 

CjHhNOs  +  30  =  CO,  +  NHj  +  CsHgO^. 

Very  curiously  it  was  not  found  in  cases  of  phosphorus  poisoning, 
but  only  in  acute  yellow  atrophy.  As  in  this  disease  there  is  coin- 
cidently  with  the  rapid  parenchymatous  destruction  much  extrav- 
asation of  blood,  Nencki  has  suggested  that  the  acid  in  question 
may  possibly  be  derived  from  blood  pigment,  especially  as  Kiister 
obtained  from  hematoporphyrin  an  acid  which  has  the  fonnula 
CgHyOj,  and  which  thus  only  differs  from  the  product  of  Schultzen 
and  Riess  by  a  plus  of  one  atom  of  oxygen. 

*  Annalen  d.  Charit.  Krankenhauses  zu  Berlin,  1869,  vol.  xv. 
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Volatile  Fatty  Adds. 

The  tenn  lipacidvria  is  applied  to  the  eliminatioii  of  volatile 
tty  adds  in  the  urine.  This  occurs  under  normal  conditions,  but 
ay  be  much  more  marked  in  disease.  With  an  ordinaiy  diet  the 
gree  of  lipadduria  corresponds  to  from  50  to  80  c.c.  ^  normal 
Iphuric  add.  In  febrile  conditions,  according  to  v.  Jaksch  and 
^kitansky,  there  is  an  increase,  which  runs  parallel  to  the  height 

the  temperature.    Rosenfeld,  however,  has  shown  that  this  is, 
rictly  spealdng,  not  correct,  and  that  an  increase  is  only  observed 

those  febrile  states  in  which  resorption  of  breaking-down  albu- 
inous  material  is  taking  place,  as  in  cases  of  tonsillar  abscess, 
ptic  diphtheria,  putrid  bronchitis,  and  empyema,  and  in  general  in 
sodation  with  all  suppurative  processes  and  hemorrhages  within 
e  body.  Especially  high  values  are  found  during  convalescence 
)m  pnemnonia,  during  the  first  days  following  crisis.  This  is  no 
»ubt  owing  to  a  resorption  of  the  exudate,  and  is  associated  with 
L  increased  elimination  of  nitrogen.  Immediately  before  the  crisis 
is  common  to  meet  with  veiy  low  values — ^20  c.c. — as  compared 
th  100  to  240  C.C.  during  convalescence.  These  observations,  as 
>senfeld  has  pointed  out,  may  be  of  marked  value  in  the  diagnosis 
obscure  accumulations  of  pus. 

A  marked  decrease  in  the  amount  of  fatty  acids  is  noted  in  uncom- 
icated  cases  of  eiysipelas  and  scarlatina  (30  to  50  cc),  in  measles, 
phtheria,  and,  as  I  have  already  indicated,  in  pneumonia  preceding 
tive  resorption  of  the  exudate  (20  to  40  cc). 
According  to  some  observers,  the  amount  of  fatty  acids  in  the 
ine  may  be  regarded  as  an  index  of  the  degree  of  carbohydrate  fer- 
sntation  in  the  intestinal  tract.  Under  normal  conditions  this  may  be 
e  case,  but  in  disease  the  question  is  probably  more  complicated. 
The  acids  in  question  are  formic  acid^  acetic  acid,  butyric  acid, 
id  propionic  add.  They  may  be  isolated  as  described  in  the 
apter  on  the  Feces. 

For  their  quanlUaJtive  estimation  it  will  suffice  to  distil  a  given 
Imne  of  urine  with  sulphuric  add  and  to  titrate  the  distillate 
th  -^  normal  sodium  hydrate  solution.  The  results  are  expressed 
terms  of  the  corresponding  number  of  cc.  of  -^  normal  sulphuric 
id.  250  cc.  of  the  urine,  which  must  be  fresh  or  preserved  with 
loroform,  are  distilled  with  50  c.c.  of  dilute  sulphuric  acid  until 
0  c.c.  have  passed  over.  The  residue  is  diluted  with  200  cc  of 
iter  and  the  distillation  continued  as  before.  In  this  manner 
e  danger  that  some  hydrochloric  add  may  pass  over  is  avoided, 
it  it  is  well  to  make  sure  of  this  by  testing  with  silver  nitrate. 
The  method  is  exact;  traces  of  benzoic  acid  are  included,  but  in 
in  these  can  be  n^lected. 
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Literature. — v.  Jaksch,  Zeit.  f.  klin.  Med.,  1886,  vol.  xi,  p.  307;  and  ZeitJ. 
physiol.  Chem.,  1886,  vol.  x,  p.  536. 

Blumenthal  mentions  a  case  of  catarrhal  jaundice  in  which  at  a 
time  when  bile  again  flowed  into  the  intestine  a  high  degree  of  lip- 
aciduria  occurred,  viz.,  up  to  385.2  c.c.  y\  acid  in  lieu  of  the  nonnal 
50  to  80  c.c. 

Ammo-adds. 

Tyrosin,  leucin,  and  glycocoU  have  long  been  known  to  occur  in 
the  urine  in  acute  yellow  atrophy  and  phosphonis  poisoning,  but 
aside  from  these  conditions  nothing  further  was  known  of  the  occur- 
rence of  amino-acids  under  other  pathological  conditions  (barring 
cystinuria).  Within  recent  years,  however,  and  with  more  exact 
methods  it  has  been  possible  to  show  that  bodies  of  this  order  may 
occur  under  the  most  diverse  conditions.  Phenylalanin,  alanin,  and 
arginin  have  been  found  in  phosphorus  poisoning,  besides  tyrosin, 
leucin,  and  glycocoll.^  GlycocoU  indeed,  according  to  a  recent 
announcement  by  v.  Noorden,  is  a  normal  constituent  of  the  urine  and 
may  amount  to  1  per  cent,  of  the  total  nitrogen  output.  (This  is  in 
marked  contrast  to  the  statement  of  Ignatowski'  that  normal  human 
urine  only  contains  traces  of  amino^cids,  at  best,  and  that  even  after 
the  subcutaneous  injection  of  6  grains  of  glycocoU  none  is  demon- 
strable.) 

Abderhalden'  found  tyrosin  in  a  patient  djang  with  pneumonia, 
who  had  been  suffering  from  arteriosclerosis,  myocarditis,  and  dia- 
betes. In  a  second  case  of  diabetes  he  likewise  found  tyrosin  and 
obtained  a  marked  Millon  reaction.  In  a  third  case  with  coma 
tyrosin  was  present  also  during  the  attack,  but  absent  in  the  interim. 
In  a  case  of  severe  hepatic  cirrhosis  a  marked  /9-naphthalin  sulpho- 
chloride  reaction  occurred,  but  it  was  impossible  to  isolate  amino-acids 
in  pure  form.  The  same  observer  also  obtained  tyrosin  in  a  case  of 
severe  icterus,  referable  to  complete  occlusion  by  the  common  duct, 
and  in  a  patient  who  had  undergone  prolonged  narcosis;  both  urines 
gave  a  marked  Millon  reaction.*  Ignatowski  found  glycocoU  con- 
stantly in  the  urine  of  7  gouty  patients;  in  3  of  these  also  other 
amino-acids,  probably  leucin  and  aspartic  acid.  In  pneumonia, 
es{)ecially  about  the  time  of  the  crisis  and  in  leukemia  he  likewise 
obtained  positive  results. 

Voegtliri  and  Barker  note  the  occurrence  of  a  distinct  MUlon  reac- 
tion in  the  urine  following  the  injection  of  tuberculin  for  diagnostic 
purposes. 

^  Wohljremiith,  Ztnt.  f.  phys.  Chcrn.,  1905,  vol.  xliv.     Abderhalden  ami  Rergell, 
il)i(l.,  11KJ.3,  vol.  x\xix;  Alxierhalden  and  L.  F.  Barker,  ibid.,  1904,  vol.  xLi. 
2  Zeit.  f.  phvsiol.  Chem.,  19()4,  vol.  xlii,  p.  400. 
»  Ihid.,  1905,  \o\.  xliv.  ]).  50. 
^  Djid.,  vol.  xlv,  p.  AiMS. 
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In  this  connection  the  observations  of  Herter  and  Wakeman^  and 
Baldwin'  are  of  special  interest.  Using  the  method  of  Magnus- 
Levy^  of  balancing  the  total  bases  against  the  total  known  adds,  they 
bund  that  in  certain  conditions,  notably  dilatation  of  the  stomach, 
rheumatoid  arthritis,  and  cirrhosis  of  the  liver,  there  was  a  marked 
txcess  of  bases  over  known  acid  equivalents.  This  leads  to  the 
nference  that  in  the  diseases  mentioned  there  must  have  been  pres- 
ent some  other  organic  acid.  Magnus-Levy  had  in  this  manner  pre- 
idously  established  the  presence  of  such  acids  in  starvation,  in  intesti- 
oal  disturbances,  phosphorus  poisoning,  acute  yellow  atrophy,  and 
Fever. 

I  append  a  few  of  Baldwin's  results: 

Apparent  Excess  of  Acids  over  Bases. 

Average  of  10  normal  urines 0 .  2943 

"         in  diabetes  mellitus .      .  2.96 

"         in  rheumatoid  arthritis  (active  stage)       .  .      .  0 .  7847 

"  "  "  "  "  0.5598 

"  "  "  "  "  0.6983 

"  "  "  "  "  0.6456 

"(case  16)"  0.8377 

Fat. — Under  strictly  normal  conditions  the  urine  contains  no  fat, 
while  variable  amounts  may  be  found  in  dbease.  When  present  in 
large  quantities,  so  that  it  is  possible  to  recognize  it  with  the  naked  eye, 
the  condition  is  termed  lipuria.  Such  cases,  however,  are  rare,  and 
the  diagnosis  should  only  be  made  when  it  is  possible  to  exclude 
accidental  contamination.  Smaller  quantities,  recognizable  only  with 
the  microscope,  are  much  more  common,  and  are  indeed  quite  con- 
stantly observed  whenever  fatty  degeneration  of  the  renal  epithelial 
cells,  of  pus  corpuscles,  or  of  tumor  particles  is  taking  place  in  the 
urinary  tract.  The  fat  droplets  may  then  be  found  floating  in  the 
urine  or  attached  to  or  embedded  in  any  morphological  elements  that 
may  be  present.  Lipuria  may  also  occur  when  abnormally  large 
quantities  of  fat  are  circulating  in  the  blood.  It  is  thus  observed 
after  the  administration  of  cod-liver  oil  in  large  quantities,  following 
oil  inunctions,  in  cases  of  fracture  of  the  long  bones  with  extensive 
destruction  of  the  bone-marrow,  in  cases  of  eclampsia,  as  also  in 
such  diseases  as  diabetes  mellitus,  chronic  alcoholism,  phthisis,  obesity, 
leukemia,  in  certain  mental  diseases,  in  aflFections  of  the  pancreas 
and  heart,  etc. 

The  term  chyluria  or  galacturia  has  been  applied  to  a  condition 
in  which  a  turbid  urine  presenting  the  macroscopic  appearance  of 
milk  is  excreted.  Upon  microscopic  examination  it  may  be  demon- 
strated that  the  turbidity  in  such  cases  is  owing  to  the  presence 

*  Trans.  Assoc.  Amer.  Phys.,  vol.  xv. 

'  Amer.  Jour.,  December,  1904,  p.  1038. 

*  Arch.  f.  exp.  Pathol,  and  Pharmak.,  1899,  vol.  xlii,  p.  149,  and  ibid.,  1900- 
1901.  vol.  xlv,  p.  388. 
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of  innumerable  highly  refractive  globules  of  fat,  which  may  be 
removed  by  shaking  with  ether.  Of  morphological  constituents, 
leukocytes  are  occasionally  encountered  in  large  numbers.  Bed 
blood  corpuscles  are  also  seen  at  times,  and  when  present  in  laige 
numbers  impart  a  rose  color  to  the  urine.  Fibrinous  coagula  are 
often  observed  when  the  urine  has  stood  for  some  time,  and  the 
entire  bulk  of  urine  may  even  become  transformed  into  a  gelatinous 
mass.  Albumin  is  present  in  most  cases  in  the  absence  of  other 
constituents  pointing  to  renal  disease,  such  as  tube  casts  and  renal 
epithelial  cells.  Leucin,  tyrosin,  and  cholesterin  may  also  at  times 
be  found,  particularly  the  latter.  It  has  been  quite  generally  accepted 
that  chyluria  is  due  to  the  presence  of  the  Filaria  sanguinis  hominis; 
but  while  filarias  are  undoubtedly  present  in  the  blood  in  the  majority 
of  instances,  and  may  also  be  present  in  the  urine,  it  has  been  denaon- 
strated  that  cases  occur  in  which  filariasis  does  not  exist. 

Literature. — Lipuria:  Schiitz,  Prag.  med.  Woch.,  1882,  vol.  vii,  p.  322. 
Ebstein,  Arch.  f.  klin.  Med.,  1879,  p.  116.  Chyluria:  Huber,  Virchow's  Arehiv, 
1886,  vol.  cvi,  p.  126.  Rossbach-Gotze,  Verhandl.  d.  Congr.  f.  inn.  Med.,  1887, 
vol.  vi,  p.  212.  Brieger,  Zeit.  f.  physiol.  Chem.,  1880,  vol.  iv,  p.  407.  Grim, 
Langenbeck's  Arehiv,  1885,  vol.  xxxji,  p.  511. 


Ferments. 

Ferments  may  be  demonstrated  in  every  urine,  both  under  physio- 
logical and  pathological  conditions.  Pepsin  is  said  to  be  absent  in 
cases  of  typhoid  fever,  carcinoma  of  the  stomach,  and  possibly  also 
in  nephritis.  In  order  to  demonstrate  its  presence,  a  small  flake  of 
boiled  fibrin  is  placed  in  the  urine,  and  after  several  hours  removed 
to  a  2  to  3  pro  mille  solution  of  hydrochloric  acid.  The  pepsin,  if 
present,  will  be  deposited  upon  the  fibrin  and  eflFect  digestion  of  the 
latter  in  the  hydrochloric  acid  solution. 

Diastase,  a  milk-curdHng  ferment,  and  a  fat-spUtting  ferment  have 
also  been  observed.  It  is  noteworthy  that  the  fat-splitting  ferment 
was  first  encountered  in  a  case  of  hemorrhagic  pancreatitis,  and  it 
has  been  suggested  that  its  presence  may  possibly  be  of  value  in  the 
diagnosis  of  the  disease.  Opie,  w^ho  reports  the  case,  demonstrated 
its  presence  by  the  method  of  Kastle  and  Loevenhart.  Only  a  small 
amount  of  urine  was  obtained.  This  was  neutralized  with  y^  alkali 
and  divided  into  two  portions.  To  one  portion  were  added  0.25  c.c 
of  ethyl  butyrate  together  with  a  small  quantity  of  litmus  solution 
and  0.1  c.c.  of  toluol.  The  second  portion  used  as  a  control  was 
boiled  in  order  to  destroy  the  ferment  if  present,  and  ethyl  butyrate 
added.  Both  specimens  were  kept  at  37°  C;  at  the  end  of  twenty- 
four  hours  the  unboiled  specimen  had  acquired  a  w^ell-marked  acid 
reaction,  while  the  control  specimen  was  little  if  at  all  changed.  A 
quantitative  estimation  can  be  made  by  titrating  the  two  specimens 
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nth  -^  alkali  (using  phenolphthalein  as  an  indicator),  and  noting 
he  amount  of  ethyl  butyrate  which  is  split  by  the  ferment.  The 
itration  should  be  made  after  adding  to  each  specimen  0.5  c.c.  more 
>f  y\f  HCl  than  of  the  yV  £^U^H  originally  used,  and  to  shake  out  the 
>utyric  acid  with  50  c.c.  of  ether  and  25  c.c.  of  alcohol;  the  acid  is  then 
itrated  directly  in  the  ethereal  solution. 

Since  the  diagnosis  of  acute  lesions  of  the  pancreas  is  difficult  and 
it  times  impossible  the  demonstration  of  the  constant  occurrence  of 
the  ferment  under  such  circumstances  would  be  of  great  importance. 
[ts  diagnostic  importance  has  been  further  emphasized  by  the  experi- 
mental work  of  Hewlett  on  dogs  (which  see). 

Literature. — Opie,  Johns  Hopkins  Hospital  Bull.,  1902,  vol.  xiii,  p.  117. 
Kastle  and  Loevenhart,  Amer.  Chem.  Jour.,  vol.  xxiv.  Hewlett,  Jour,  of  Med. 
Research,  May,  1904,  p.  377.    Gamier,  Compt.-rend.,  1903,  vol.  v,  p.  1064. 


Ckises. 

Every  urine  contains  a  small  amowit  of  gases,  notably  carbon 
dioxide,  oxygen,  and  nitrogen,  which  may  be  withdrawn  by  means  of 
of  an  air-pump. 

Under  pathological  conditions  hydrogen  sulphide  is  at  times  also 
found,  constituting  the  condition  known  as  hydrothionuria.  In 
some  instances  this  is  referable  to  a  diffusion  of  the  gas  into  the 
bladder  from  neighboring  organs  or  accumulations  of  pus;  but  this 
is  rare.  In  others  an  abscess  has  ruptured  into  the  bladder,  or  a  direct 
communication  exists  between  it  and  the  bowel.  Under  such  con- 
ditions it  can,  of  course,  not  be  surprising  that  hydrogen  sulphide 
together  with  other  products  of  albuminous  putrefaction  are  elimi- 
nated in  the  urine.  More  commonly,  however,  the  hydrothionuria 
occurs  idiopathically,  and  is  then  referable  to  the  action  of  certain 
microoiganisms.  This  can  be  readily  demonstrated  by  adding  a 
few  cubic  centimeters  of  such  urine  to  normal  urine,  when  upon 
standing  the  formation  of  hydrogen  sulphide  may  be  demonstrated 
in  the  normal  specimen.  TTie  common  organisms,  however,  which 
cause  anunoniacal  decomposition  apparently  have  no  part  in  this 
process,  and  the  formation  of  the  hydrogen  sulphide  may  be  ob- 
served before  anunoniacal  decomposition  has  set  in,  and  while  the 
reaction  is  yet  acid.  If  a  small  amount  of  ordinary  decomposing 
urine,  moreover,  is  added  to  fresh  normal  urine,  no  hydrogen  sul- 
phide is,  as  a  rule,  produced.  The  character  of  the  organisms  in 
question  is  variable;  sometimes  micrococci  are  found,  at  other  times 
bacilli,  and  in  still  other  instances  both.  Besides  being  capable  of 
producing  hydrogen  sulphide  from  the  sulphur  bodies  of  the  urine, 
some  of  them  also  cause  the  formation  of  ammonium  carbonate  in 
dilute  solutions  of  urea. 
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The  source  of  the  hydrogen  sulphide  in  cases  of  hydrothionuria 
is  in  most  cases  probably  the  so-called  neutral  sulphur,  but  it  is  pos- 
sible that  the  oxidized  sulphur  is  at  times  also  attacked.  In  cystinuiia, 
in  which  the  neutral  sulphur  is  more  or  less  increased,  hydrothionuria 
is  commonly  observed.  Its  occurrence  in  such  cases  is  indeed  so 
frequent  that  I  am  inclined  to  suspect  cystinuria,  although  crystals 
of  cystin  are  not  found  in  the  sediment. 

In  a  few  recorded  instances  the  hydrothionuria  accompanied  indigo- 
suria,  viz.,  the  presence  of  free  indigo  blue  in  the  urine;  and  tlus 
Miiller  has  likewise  shown  to  be  referable  to  the  action  of  certaiD 
microorganisms.     (See  Indigosuria.) 

The  formation  of  hydrogeu  sulphide  in  decomposing  urines  con- 
taining albumin  is,  of  course,  common,  and  should  not  be  confused 
with  the  idiopathic  hydrothionuria  here  described. 

The  chemical  test  for  hydrogen  sulphide  is  very  simple:  a  strip 
of  filter  paper  is  moistened  with  a  few  drops  of  sodium  hydrate  and 
lead  acetate  solution  and  clamped  into  the  neck  of  the  bottle  contain- 
ing the  urine.  After  a  variable  length  of  time,  in  some  instances 
immediately,  in  others  only  after  twelve  to  twenty-four  hours,  a  dis- 
coloration of  the  paper  will  be  observed,  varjdng  from  a  gra}ish 
brown  to  black  according  to  the  amount  present.  When  this  is  large 
it  is,  of  course,  also  recognized  by  its  characteristic  odor. 

Literature. — F.  Miiller,  "Schwefelwasserstoff  im  Ham/'  Berlin,  klin.  Woch., 
1887,  Nos.  23  and  24.  Rosenheim  u.  Gutzmann,  Deutsch.  med.  Woch.,  1888, 
No.  10.     Kahler,  Prag.  med.  Woch.,  1888,  No.  50. 

Ptomains. 

Numerous  researches  have  shown  that  tnices  of  toxic  alkaloidal 
sul)stances  iiiav  be  encountered  in  the  urine  under  the  most  diverse 
pathological  conditions,  and  may  be  present  even  in  health.  Of 
the  nature  of  these  bodies,  however,  little  is  known.  Thudichum 
claims  to  have  isolated  three  distinct  basic  substances  from  normal 
urine,  which  he  has  termed  reducin,  parareducin,  and  aromm. 
Pouchet  and  Mme.  Eliacbeff,  working  in  Gautier's  laboratory',  have 
likewise  extracted  toxic  bodies  from  normal  urines;  and  Adduco 
states  that  after  fatiguing  exercise,  especially,  he  could  demonstnite 
in  the  urine  a  substance  which  was  extremely  toxic,  and  was  not 
identical  with  cholin,  as  was  first  supposed.  All  this  w^ork,  however, 
must  be  repeated  with  great  care  before  the  results  obtained  can  be 
regarded  as  conclusive.  This  is  also  true  of  the  work  which  has 
been  done  in  various  diseases.  Some  observers  have  here  descril)ed 
bodies  which  they  regard  as  specific  toxins.  Griffith  thus  reports 
the  presence  of  a  specific  poison  of  scarlatina,  of  measles,  mumps, 
etc.  His  results,  however,  do  not  invite  confidence  and  have  never 
been  confirmed  either  by  himself  or  by  others. 


CHEMISTRY  OF  THE  URINE  543 

The  only  substances  belonging  to  the  class  of  ptomains  which  have 
thus  far  been  obtained  from  the  urine  in  amounts  sufficient  to  estab- 
lish their  identity  are  cadaverin  and  putrescin.    They  were  originally 
discovered  by  Brieger  in  putrefying  cadavers,  and  subsequently  also 
found  in  cultures  of  the  bacillus  of  Asiatic  cholera,  the  Finkler- 
Prior  bacillus  of  cholerina,  the  bacillus  of  tetanus,  and  in  the  rice- 
water  stools  of  cholera  patients.    From  the  urine  cadaverin,  putrescin, 
and  a  third  diamin  isomeric  with  cadaverin,  which  has  been  regarded 
as  saprin  or  neuridin,  were  first  obtained  by  Baumann  and  v.  Udrans- 
zky  in  a  case  of  cystinuria,  and  it  appears  that  diaminuria  occurs 
only  in  association  with  this  disease.    All  attempts  to  isolate  diamins 
from  the  urine  under  other  pathological  conditions  at  least  have 
given  rise  to  negative  results.    Regarding  the  origin  of  the  ptomains 
in  question  there  can  be  no  doubt,  I  think,  that  they  are  derived 
from  the  corresponding  hexon  bases,  arginin  and  lysin,  as  the  result 
of  a  defim'te  metabolic  anomaly,  of  which  the  cystinuria  is  also  one 
expression.    I  have  advocated  this  view  for  some  years,  and  Lowy 
and  Neuberg  have  recently  furnished  the  experimental  proof  for 
this  supposition.    They  found  in  a  cystinuric  individual  who  was  not 
excreting  any  diamins  that  putrescin  and  cadaverin  appeared  when 
the  corresponding  hexon  bases  were  ingested.     Lowy  and  Neuberg 
further  claim  to  have  found  tyrosin  and  aspartic  acid  when  these 
were  given  by  the  mouth,  which  would  tend  to  show  that  in  the  cysti- 
nuric there  is  even  a  more  extensive  inability  to  oxidize  amino-acids 
than  the  cystinuria  and  diaminuria  alone  would  indicate.     I  have  not 
been  able  to  verify  these  findings,  however,  so  far  as  tyrosin  is  con- 
cerned, and  Folin  also  obtained  negative  results. 

Putrescin  has  been  found  by  Baumann  and  v.  Udranszky,  Bodtker, 
and  Garrod.  Brieger,  Stadthagen,  Leo,  Garrod,  Lewis,  and  I  have 
succeeded  in  isolating  cadaverin  from  such  urines.  Others  have  been 
less  successful.  As  regards  the  question  whether  diaminuria  and 
cystinuria  invariably  coexist  I  have  shown  that  this  is  not  always 
so,  and  that  the  two  conditions  may  alternate,  and  that  the  one  may 
temporarily  disappear  while  the  other  continues.  Whether  or  not 
cases  occur  in  which  diamins  are  constantly  absent  I  am  not  pre- 
pared to  say.  Cases  have  been  reported  by  Garrod  and  others  in 
which  no  diamins  could  be  found,  but  it  is  possible  that  our  analy- 
tical methods  are  not  sufficiently  delicate  to  demonstrate  mere  traces. 
The  amount  of  diamins  which  may  be  met  with  in  the  urine  of 
cystinuric  patients  is  extremely  variable.  In  one  case  I  was  able 
to  isolate  1.6  grams  of  the  benzoylated  cadaverin  from  the  collected 
urine  of  twenty-four  hours.  On  other  days  traces  only  were  present, 
and  at  times  no  diamins  at  all  could  be  found.  In  the  case  of  Dr. 
Lewis,  I  obtained  only  0.3  gram  from  12,000  c.c. 

Isolation  of  Diamins.    Method  of  Baumann  and  ▼.  Udranssky. — 
The  collfected  urine  of  at  least  twenty-four  hours  is  shaken  with  a 
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10  per  cent,  solution  of  sodium  hydrate  and  benzoyl  chloride  in  tbt 
proportion  of  1500  to  200  to  25  until  the  odor  of  the  benzoyl  chlonde 
has  entirely  disappeared.  The  resulting  precipitate  contains  phos- 
phates, the  benzoyl  compounds  of  the  normal  carbohydrates  of  tbe 
urine,  and  a  portion  of  the  benzoylated  diamins.  These  are  filtoni 
off  with  the  aid  of  a  suction  pump  and  digested  with  aloohoL  Tbe 
filtered  alcoholic  extract  is  concentrated  to  a  small  volume  and 
poured  into  about  30  times  its  amount  of  water.  Upon  standing  for 
from  twelve  to  forty-eight  hours  the  benzoylated  diamins  separate  out 
in  the  milky  fluid  in  the  form  of  a  more  or  less  voluminous  sediment 
composed  of  fine,  intensely  white  crystals.  In  order  to  iemo?e 
the  benzoylated  carbohydrates  likewise  present,  the  precipitate  is 
redissolved  in  alcohol,  the  solution  concentrated  to  a  small  volume, 
and  diluted  with  water  as  described.  This  process  is  repeated  sevenl 
times.  The  resulting  crystals,  if  both  diamins  are  present,  will  lose 
their  water  of  crystallization  at  120°  C.  and  melt  at  140°  C. 

A  smaller  portion  of  the  benzoylated  diamins  remains  in  the  first 
filtrate.  In  order  to  recover  this  the  filtrate  is  acidified  with  sulphuric 
acid  and  extracted  with  ether.  The  ethereal  residue,  before  congeal- 
ing, is  placed  in  as  much  of  a  12  per  cent,  solution  of  sodium  hydrate 
as  is  required  for  its  neutralization,  when  from  3  to  4  times  the 
volume  of  the  same  solution  is  added.  This  mixture  is  placed  in 
the  cold,  when  long  needles  and  platelets  separate  out,  which  ooDsist 
of  the  sodium  compound  of  benzoyl  cystin  and  the  benzoylated  dia- 
mins. The  sediment  is  filtered  off  and  placed  in  cold  water,  in  which 
the  sodium-ben zoyl  cystin  dissolves,  while  the  benzoylated  diamins 
remain  undissolved. 

In  order  to  separate  the  putrescin  from  the  cadaverin,  the  crystals 
are  dissolved  in  a  little  warm  alcohol  and  treated  with  20  times  the 
volume  of  ether.  Benzoyl  putrescin  is  thus  thrown  down,  and  mav 
be  recognized  by  its  melting  point,  viz.,  175°  to  176°  C,  while  the 
ethereal  residue  contains  the  benzoyl  cadaverin,  which  melts  at  from 
129°  to  130°  C. 

The  diamins  may  then  be  separated  from  the  benzoyl  radicle  bv 
heating  the  crystals  on  a  water  bath  with  a  mixture  of  equal  parts 
of  alcohol  and  concentrated  hydrochloric  acid  until  a  specimen  is 
entirely  dissolved  by  sodium  hydrate.  The  separation  is  complete 
after  from  twenty-four  to  forty-eight  hours,  according  to  the  amount 
present.  The  solution  is  then  diluted  with  water,  when  the  benzoic 
acid,  which  has  been  formed,  separates  out  and  is  filtered  off.  After 
extracting  with  ether,  in  order  to  remove  any  benzoic  acid  still  remain- 
ing, the  filtrate  is  evaporated  to  dryness.  A  crystalline  mass  remains, 
which  is  easily  soluble  in  water,  but  with  difficulty  in  alcohol.  This 
consists  of  putrescin  and  cadaverin  hydrochlorates,  from  which  the 
various  double  salts  with  platinum,  silver,  mercury,  etc.,  can  be 
readily  obtained.     The  platinum  salt  of  cadaverin  is  formed  by  add- 
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ing  an  alcoholic  solution  of  platinum  chloride  to  a  solution  of  the 
hydiochlorate  in  alcohol;  it  occurs  as  a  voluminous  yellow,  crystalline 
mass,  which  can  be  purified  by  recrystallization  from  hot  water. 
When  this  salt  is  decomposed  by  hydrogen  sulphide  the  hydrochlorate 
again  results,  from  which  the  free  base  is  obtained  by  distillation  with 
caustic  potash.  During  this  distillation  water  passes  over  at  first; 
and  above  160°  C.  a  colorless  oil  appears,  the  boiling  point  of  which 
is  about  173°  C.  This  constitutes  the  free  base,  which  may  be 
identified  by  its  sperm-like  odor  and  the  avidity  with  which  it  attracts 
carbon  dioxide  from  the  air  to  form  carbonate. 

Fhenylcjranate  Method  (Lowy  and  Neuberg). — ^This  method  has 
certain  advantages  over  the  one  preceding  and  may  be  utilized  in 
doubtful  cases.  In  aqueous  solution  phenylcyanate  does  not  unite 
with  carbohydrates  and  the  cystin  derivative  does  not  separate  out 
in  the  presence  of  free  alkali,  but  only  upon  the  addition  of  an  acid. 

The  urine  is  feebly  acidified  with  sulphuric  acid  and  precipitated 
with  phosphotungstic  acid.  The  precipitate  is  collected  on  a  filter, 
washed  with  5  per  cent,  sulphuric  acid,  suspended  in  water,  and  the 
adherent  sulphuric  add  counteracted  with  a  little  baryta.  The  solu- 
tion is  then  heated  to  50°  C.  and  treated  with  a  concentrated  solution 
of  barium  hydrate,  also  heated  to  50°  C.  until  a  slight  excess  is  demon- 
strable in  the  filtrate  by  means  of  sodium  carbonate.  The  precipi- 
tate is  removed  by  filtration  and  the  excess  of  barium  by  means  of  a 
current  of  carbon  dioxide.  The  resultant  solution  is  treated  with  nor- 
mal alkali  (about  40  c.c),  and  phenylisoc^anate  now  added  drop  by 
drop.  During  this  process  there  is  a  distinct  evolution  of  heat.  A 
voluminous  precipitate  is  formed,  which  is  filtered  off.  This  is  almost 
insoluble  even  in  boiling  alcohol,  but  dissolves  in  pyridin.  From  the 
resultant  solution  the  phenylcyanate  of  the  diamins  separates  out  upon 
the  careful  addition  of  water,  in  snowy  white  crystals.  They  can  be 
purified  by  repeated  solution  and  reprecipitation.  The  putrescin 
compound  can  be  separated  from  the  cadaverin  derivative  by  adding 
water-free  acetone  to  the  concentrated  solution  in  pyridin,  when  the 
putrescin  phenylcyanate  is  thrown  down  at  once,  while  the  other  only 
separates  from  the  filtrate  after  standing  for  several  hours.  The 
melting  point  of  the  cadaverin  compound  is  207°  C.  and  of  the 
putrescin  derivative  238°  to  240°  C. 

LrrERATURE. — Stadthagen,  "Ueber  d.  Ham^ft,"  Zeit.  f.  klin.  Med.,  1889,  vol. 
XV,  p.  383.  Bouchard,  (>>inpt.-rend.  Soc.  de  hiol.,  1884;  and  Compt.-rend.  de 
PAcad.  dessci.,  vol.  cii,  p.  1127.  Lupine  et  Aubert,  ibid.,  vol.  ci,  p.  90.  Adduco, 
Arch,  ital.  d.  Biol.,  vol.  ix,  p.  203,  and  x,  p.  1. 

Diaminuria:  v.  Udranazky  u.  Baumann,  Zeit.  f.  physiol.  Chero.,  1889,  vol.  xiii, 
p.  5d2.  Stadthagen  u.  Brieger,  Berlin,  klin.  Woch.,  1889,  vol.  xxvi,  p.  344. 
Kodtker,  Norak.  Mag.  f.  Laesevidenak.,  1892,  vol.  vii,  p.  1220.  Moieigne,  Arch, 
de  M^.  exper.  et  d'KntA.  patn.,  1899,  p.  254.  Himon,  Amer.  Jour.  Med.  Sci.,  1900, 
vd.  cxix,  p.  39.  Garrod  and  Caiiunidge,  Jour.  Path,  and  Bact.,  Feb.,  1900. 
BMtker,  Zeit.  f.  ^ya.  Chem.,  1905,  vol.  xlv,  p.  393.  Ldwy  and  Neuberg,  Zeit. 
f.  i^ys.  Chem.,  1904,  vol.  xliii,  p.  S38. 
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KRTOSOOPIO  EXAMINATION  OF  THE  URINE. 

The  kryoscopic  examination  of  the  mixed  urine  does  not  furni^ 
as  valuable  information  as  the  corresponding  examination  of  the 
blood.  This  is  largely  owing  to  the  fact  that  the  normal  variations 
in  the  freezing  point  of  the  urine  are  much  more  extensive— i.  f., 
between  — 0.9°  and  — 2®  C.  In  the  determination  of  renal  insuffi- 
ciency, however,  where  specimens  from  each  kidney  separately  are 
available,  or  at  least  one  specimen  from  one  kidney  together  witli 
a  mixed  specimen  from  the  same  patient,  the  method  famishes 
very  satisfactoiy  results;  it  indicates  the  location  of  the  disease 
more  definitely  than  a  quantitative  estimation  of  urea,  tests  of  specific 
gravity,  and  tfie  other  usual  tests  of  the  urine.  Especially  interest- 
ing are  the  results  which  are  obtained  in  cases  of  unilateral  disease 
of  the  kidneys  in  which  the  other  organ  is  functioning  normallv; 
kryoscopic  examination  of  the  blood  will  then  furnish  normal  values 
as  there  is  normal  elimination,  while  a  separate  examination  of  the 
urine  from  the  two  sides  reveals  the  diseased  kidney.  A  value 
of  J  higher  than  — 0.9°  C.  is  abnormal. 

In  pneumonia,  Schmidt  found  the  freezing  point  much  lowered. 
It  does  not  rise  to  normal  until  after  that  of  the  blood,  i.  e.,  several 
days  after  the  crisis. 

The  examination  is  conducted  as  described  in  the  case  of  the 
blood. 

Literature. — See  Kryoscopy  of  the  Blood. 


MIGROSGOPIO  EXAMINATION  OF  THE  URINE. 

Sediments. 

Ill  the  chapter  trt^ating  of  the  general  physical  chanicteristics  of 
the  urine  it  was  stated  that,  on  standing,  every  urine  gradually  \y^ 
conies  cloudy  owing  to  the  development  of  the  so-called  nubecula. 
This  was  shown  to  consist  of  a  few  mucous  corpuscles,  a  small  numWr 
of  pavement  epithelial  cells  derived  from  the  urinary  and  genital 
passages,  and  under  certain  conditions  of  a  few  crystals  of  uric  acid, 
of  calcium  oxalate,  or  of  both.     It  was  further  pointed  out  that 
owing  to  a  diminution  in  the  acidity  of  the  urine  on  standing,  in 
consecjuence  of  an  interaction  between  the  neutral  sodium  urate  and 
the  acMd  sodium  phosphate,  a  sediment  is  thrown  down  which  con- 
sists of  acid  sodium  urate,  and  at  times  of  free  uric  acid  (see  Reac- 
tion).    Should  the  reaction  of  the  urine  be  alkaline,  however,  when 
freshly  voided,  a  condition  which  may  occur  physiologically,  when 
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t  is  dependent  upon  the  ingestion  of  large  quantities  of  vegetables 
rich  in  organic  salts  of  the  alkalies,  but  which  may  also  be  due  to 
sunmoniacal  decomposition,  those  constituents  of  the  urine  which  are 
bdd  in  solution  merely  in  consequence  of  the  presence  of  acid  sodium 
phosphate  are  also  thrown  down.  In  that  case  the  sediment  consists 
essentially  of  calcium,  magnesium,  and  anmionium  salts.  Crystals  of 
ammonio-magnesium  phosphate,  it  is  true,  may  also  be  observed  in 
alkaline  urines  of  the  first  variety,  but  they  are  then  almost  always 
due  to  an  increased  eHmination  of  ammonia,  and  hence  are  rarely 
observed  under  physiological  conditions. 

Normally  calcium  is  found  only  in  combination  with  phosphoric 
acid  and  carbonic  acid.  Of  the  three  possible  calcium  salts  of  phos- 
phoric acid — I.  e.f  Ca3(POj2>  CaHPO^,  and  CdiQl^O^^ — only  the 
first  two  are  found  in  an  alkaline  urine,  but  they  may  also  be  observed 
in  specimen^  which  are  either  neutral  or  but  faintly  acid.  The  acid 
calcium  phosphate,  Ca(H2PO^)3,  is  seen  but  rarely  in  sediments;  it 
is  precipitated  together  with  uric  acid  and  under  similar  conditions. 
Calcium  carbonate,  CaCOg,  is  seen  only  in  neutral  or  alkaline  urines. 
As  soon  as  anmioniacal  fermentation  has  begun,  ammonium  salts 
are  formed,  viz.,  ammonium  urate  and  ammonio-magnesium  phos- 
phate. 

The  following  table  shows  the  various  mineral  constituents  usually 
observed  in  sediments,  the  reaction  of  the  urine  being  in  every  case 
the  all-important  factor: 
Reaction  acid: 

Uric  acid. 

Sodium  urate. 

Calcium  oxalate. 

Primary  calcium  phosphate. 

Ammonio-magnesium  phosphate. 
Reaction  alkaline  (referable  to  fixed  alkalies): 

Secondary  calcium  phosphate. 

Tricalcium  phosphate. 

Calcium  carbonate. 

Ammonio-magnesium  phosphate. 
Reaction  alkaline  (referable  to  ammonia): 

Ammonium  urate. 

Ammonio-magnesium  phosphate. 

Tricalcium  phosphate. 

Calcium  carbonate. 
In  pathological  conditions  still  other  unorganized  substances  may 
be  observed,  viz.,  cystin,  xanthin,  hippuric  acid,  indigo,  urorubin, 
hematoidin,  magnesium  phosphate,  calcium  sulphate,  cholesterin, 
leucin,  tyrosin,  fats,  soaps  of  magnesium  and  calcium,  etc.  Of  these, 
cystin,  xanthin,  hippuric  acid,  tyrosin,  calcium  sulphate,  hematoidin, 
magnesium  phosphate,  leucin,  and  the  soaps  of  magnesium  and 
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calcium  occur  principally  in  acid  urines,  while  indigo,  uronibin,  and 
cholesterin  are  usually  only  found  in  alkaline  specimens.  Befoie 
considering  these  various  constituents  in  detail,  a  few  words  regarding 
sediments  in  general  and  the  method  to  be  followed  in  their  miao- 
scopic  examination  may  not  be  out  of  place. 

An  idea  of  the  nature  of  a  deposit  may  often  be  formed  by  simple 
inspection,  especially  if  the  reaction  of  the  urine  is  known. 

A  crystalline  sediment,  presenting  a  brick-red  color  and  appearing 
to  the  naked  eye  like  cayenne  pepper,  is  referable  to  uric  acid.  Ob 
the  other  hand,  a  salmon-red,  amorphous  deposit  occurring  in  an  arid 
urine  consists  essentially  of  sodium  urate.  Should  doubt  be  fdt,  it 
will  only  be  necessary  to  heat  the  urine,  when  the  urate  deposit  wiD 
dissolve.  A  white,  flocculent  sediment  in  an  alkaline  urine  is  usually 
referable  to  a  mixture  of  phosphates  and  carbonates,  and  will  dissolve 
upon  the  addition  of  acetic  acid,  but  remains  imaffected  by  heat 

A  sediment  consisting  of  pus,  and  occurring  in  alkaline  urines,  is 
frequently  mistaken  for  a  phosphatic  deposit  by  the  banner.  Aside 
from  a  microscopic  examination,  the  question  may  be  settled  b? 
the  addition  of  a  small  piece  of  caustic  soda  and  stirring,  when  in 
the  presence  of  pus  the  liquid  becomes  mucilaginous  and  ropy.  If 
much  pus  is  present,  a  tough,  jelly-like  mass  will  be  formed,  whidi 
escapes  from  the  vessel  en  masse  when  the  urine  is  poured  out 
Such  a  sediment,  moreover,  does  not  disappear  upon  the  addition 
of  an  acid,  and  is  rendered  still  more  dense  upon  the  application  of 
heat 

Blood  when  present  beyond  traces  may  also  be  recognized. 

As  a  general  rule,  the  non-organized  elements  of  a  sedimeut  are 
of  little  clinical  interest. 

Students  are  frequently  in  the  habit  of  diagnosticating  an  ex- 
cessive, normal,  or  subnormal  elimination  of  one  or  another  urinaiy 
constituent  from  the  result  of  a  microscopic  examination.  This  is 
unwarrantable.  It  should  always  be  remembered  that  no  con- 
clusions whatsoever  can  be  drawn  in  this  manner  as  to  the  amount 
actually  eliminated.  Nothing  would  be  more  erroneous  than  to  infer 
an  excessive  excretion,  not  to  speak  of  an  excessive  production  of 
uric  acid  or  of  oxalic  acid  from  the  fact  that  crystals  of  these  sub- 
stances are  seen  in  large  numbers  under  the  microscope.  Again 
and  again  cases  are  observed  in  which  an  excessive  elimination  of 
uric  acid,  oxalic  acid,  or  phosphates  is  thus  diagnosticated  in  which 
chemical  analysis  shows  not  only  no  increase  but  even  a  diminution 
of  the  normal  quantity. 

A  urine  wliich  is  turbid  when  passed  may  be  examined  micro- 
scopically at  once.  As  a  rule,  however,  it  is  necessary  to  wait  until 
a  sediment  has  formed.  To  this  end  the  urine  should  be  kept  in 
a  clean  and  well-stoppered  bottle.  A  small  amount  of  chloroform 
is  added  if  necessary,  and  will  preserve  the  specimen  almost  in- 
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definitely.  A  few  drops  of  the  sediment  are  then  removed  by  means 
of  a  dean  pipette,  carried  down  to  the  sediment,  with  the  distal  end 
tq^y  closed  by  the  finger,  care  being  taken  not  to  allow  the  urine 
to  rush  iato  the  tube  by  suddenly  releasing  the  pressure,  but  with- 
dzKving  an  amount  just  sufficient  for  an  examination.  This  b  then 
spread  over  a  clean  slide  that  has  been  moistened  by  the  breath, 
when  the  specimen  may  be  examined  at  once.  Covering  the  speci- 
«wn  with  a  alip  w  unnecessary.  A  low  power  of  the  microscope  (B. 
&  L.  };  Leitz  3)  should  always  be  em'fioyed,  and  the  high  power 
only  used  to  study  detaUs  of  strucliire. 


Flo.  ISI. — Various  Tonus  of 


If  a  centrifugal  machine  is  available,  it  is.  of  course,  not  necessary 
to  let  the  urine  stand  until  a  sediment  has  formed.  An  amount 
sufficient  for  a  microscopic  examination  can  then  be  obtained  in  a 
few  minutes. 

Non-orc«&ised  SedimentB. 

Sedtanents  Occnning  in  Add  Unoea.  Uric  Acid.— The  form  which 
uric  add  crystals  may  present  in  a  deposit  varies  greatly,  the  most 
oommon  being  the  so-called  whetstone  form  (Figs.  143  and  151).  The 
oystals  may  occur  singly  or  in  groups.  Accidental  impurities,  such  as 
threads  or  hairs,  are  at  times  covered  with  such  crystals,  forming  long 
cylinders.  Veiy  frequently  uric  acid  crystallizes  in  the  form  of  large 
losettes  of  drawn-out  whetstone  crystals,  presenting  a  brownish-red 
color,  referable  to  upoerythrin,  when  they  are  often  visible  to  the 
naked  eye,  and  form  the  well-known  brick-diut  sediment.  While  it 
is  generally  stated  that  uric  acid  crystals  can  always  be  recognized 
by  their  cdor,  which  may  vary  from  a  light  yellow  to  a  dark  brown, 
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this  is,  in  my  experience,  not  the  case.  I  have  often  seen  uric  add 
sediments  in  which  the  crystals  formed  small  rhombic  plates  with 
rounded  edges,  and  were  absolutely  devoid  of  coloring  matter, » 
far  as  a  microscopic  examination  could  show.  Uric  acid  "dumb- 
bells" are  also  at  times  observed,  and  may  be  mistaken  for  calcium 
oxalate.  Hexagonal  plates  of  uric  acid  have  been  similarly  con- 
founded with  cystin. 

A  uric  acid  sediment  may  be  observed  in  cases  in  which  an  in- 
creased excretion  of  uric  acid  occurs,  but  it  does  not  follow  that  i 
uric  acid  sediment  indicates  an  increased  elimination.  Such  an 
assumption  would  only  be  warrantable  if  a  quantitative  estimation 
had  been  made.  It  is  more  common  to  meet  with  uric  add  sedi- 
ments where  the  actual  amount  is  not  increased  than  the  contrary. 
Brick-dust  sediments  are  frequently  observed  during  cold  weather, 
but  it  would  be  erroneous  to  infer  an  increased  elimination  from  sudi 
an  occurrence,  as  the  phenomenon  is  owing  to  the  fact  that  uric  acid 
is  less  soluble  in  cold  than  in  warm  water.  During  the  summer 
months,  for  the  same  reason,  a  deposit  of  uric  acid  is  less  frequentlj 
observed,  although  an  increased  amount  may  nevertheless  be  present, 
being  held  in  solution  owing  to  the  higher  temperature.  The  more 
concentrated  the  urine,  the  more  readily  will  such  a  deposit  form. 
It  is  hence  noted  after  profuse  perspiration,  following  severe  muscuUr 
exercise,  in  acute  rheumatism  with  copious  diaphoresis,  in  acute 
gastritis  and  enteritis  associated  with  copious  vomiting  or  diarrhea, 
during  the  crisis  of  pneumonia  (particularly  if  accompanied  by  much 
sweating),  etc. 

Where  a  distinct  tendency  exists  for  the  separation  of  uric  acid 
sediments,  as  in  cases  where  the  urine  is  habituallv  over-acid,  tho 
possibility  of  the  same  occurrence  within  the  urinary  passages  should 
be  borne  in  mind  (gravel,  calculus).  V.  Miiller  has  recently  shown 
that  the  habitual  separation  of  uric  acid  from  the  urine  which  is  noted 
in  such  cases  and  which  is  connnonly  associated  with  vague  dyspeptic 
and  nervous  disturbances  is  referable  to  the  presence  in  such  urines 
of  considerable  amounts  of  organic  acids  of  unknown  composition. 

Chemically,  the  nature  of  a  uric  acid  sediment  may  be  recognized 
by  the  fact  that  the  crystals  dissolve  upon  the  addition  of  sodium 
hydrate  and  reappear  in  the  rhombic  form  upon  acidifying  with 
hydrochloric  acid.  When  heated  \\ith  dilute  nitric  acid  the  beauti- 
ful  red  color  of  ammonium  purpurate  is  obtainetl  upon  the  subsequent 
addition  of  animonia  (murexid  test),  as  described  elsewhere. 

Amorphous  Urates. — Sodium  and  potassium  urates  frequently,  and 
especially  in  fevers,  form  sediments  of  such  density  that  ujx)n  micro- 
scopic examination  it  is  almost  impossible  to  discern  anything  but 
iniuunerahle  amorphous  granules  scattered  over  the  entire  field 
and  ol)S(urin<^  all  other  elements  that  may  be  present.  Cells  or 
casts  will  fr(*c|uently  he  seen  studded  with  these  granules.     In  such 
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it  is  best  to  heat  the  urine  to  a  temperature  of  50^  C,  and  to 
€9entrifugalize  the  urine  as  soon  as  it  has  cleared. 

Urate  sediments  are  always  colored^  the  tint  varying  from  a  dirty 
jellowish  brown  to  a  bright  salmon  red,  owing  to  the  presence  of 
moeiythrin.  Difficulties  can  hence  never  arise  in  determining  the 
nature  of  the  sediment,  as  a  colored  deposit  appearing  in  an  acid 
mine  which  dissolves  upon  the  application  of  heat  cannot  be  due  to 
anything  but  urates.  If  a  drop  of  the  sediment,  moreover,  is  treated 
upon  a  slide  with  a  drop  of  hydrochloric  acid,  characteristic  whet- 
stone crystals  of  uric  acid  separate  out,  but  the  greater  portion  appears 
in  the  form  of  rhombic  platelets. 

Oalctnm  Oxalate. — ^This  substance  generally  appears  in  urinary 
sediments  in  the  form  of  colorless,  highly  refractive  octahedra  (Fig. 
152),  which  vary  greatly  in  size;  some  appear  as  mere  specks  under 
even  a  comparatively  high  power,  while  others  may  attain  the  dimen- 
sions of  a  large  leukocyte.     Frequently  one  axis  is  longer  than  the 
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Fio.  152. — Calcium  oxalate  crystals,      (flnlayson.) 

other.  From  the  fact  that  their  diagonal  planes  are  highly  refractive, 
apparently  dividing  the  superficial  plane  into  four  triangles,  they 
have  been  compared  to  envelopes,  and  it  is  this  envelope  form  of  the 
crystals  which  is  especially  characteristic.  In  the  same  specimen  of 
urine  so-called  diunb-bell  forms  may  be  seen,  which  appear  to  be 
made  up  of  two  bundles  of  needle-like  crystals  united  in  the  form  of 
the  figure  8.  Other  forms  may  also  be  seen,  and  are  shown  in  the 
accompanying  figure. 

While  the  envelope  crystals  are  highly  characteristic  and  can 
hardly  be  mistaken  for  any  other  substance,  the  student  may  at  times 
confound  them  with  crystals  of  ammonio-magnesium  phosphate. 
This  error  may  be  avoided  if  it  is  remembered  that  the  calcium  oxa- 
late crystals  are  usually  not  so  large  as  those  of  the  magnesium  salt, 
and  that  the  latter  dissolve  upon  the  addition  of  acetic  acid,  in  which 
calcium  oxalate  is  insoluble.  The  distinction  from  uric  acid,  if  we 
are  dealing  with  the  dumb-bell  form,  cannot  always  be  made  by 
mere  inspection.     A  drop  of  caustic  soda  should  be  added,  which 
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will  dissolve  the  crystals  if  they  are  uric  acid,  while  calcium  oxalate 
remains  unchanged. 

It  has  been  pointed  out  that  under  strictly  normal  conditions  a 
few  isolated  crystals  of  calcium  oxalate  may  be  found  in  the  primi- 
tive nubecula,  so  that  their  presence  in  urinaiy  sediments  cannot  be 
regarded  as  pathological.  After  the  ingestion  of  certain  vegetables 
and  fruits,  notably  tomatoes,  rhubarb,  garlic,  asparagus,  and  oranges, 
or  following  the  continued  administration  of  sodium  bicarbonate  or 
the  salts  of  vegetable  acids,  calciiun  oxalate  ciystals  may  be  obsenred 
in  large  numbers;  so  also  in  certain  diseases,  such  as  diabetes  mdlitus, 
catarrhal  jaundice,  phthisis,  emphysema,  etc. 

As  in  the  case  of  uric  acid,  no  inference  as  to  the  quantity  dimi- 
nated  can  be  drawn  from  a  microscopic  examination  of  the  sedi- 
ment. The  frequent  occurrence  of  abimdant  sediments  of  this  sub- 
stance may,  however,  generally  be  regarded  as  abnormal,  providing 

that  su(£  an  occurrence  cannot  be  ex- 
plained by  the  nature  of  the  diet  It  is 
very  suggestive  to  note  the  frequowy 
with  which  such  sediments  are  observed 
in  cases  of  neurasthenia  associated  with 
a  mild  degree  of  albuminuria,  as  also  in 
various  digestive  neuroses.  Finally,  as 
with  uric  acid,  the  possibiUty  of  the 
formation  of  renal  calculi  should  be 
borne  in  mind  whenever  abundant  sedi- 
ments of  calcium  oxalate  are  encoun- 
tered upon  frequent  examination. 
"'''''''"x^:i:ZTi'^\r''^''"'  Monocalcium   phosphate    crystals  are 

rarely  seen,  and  only  in  specimens  pre- 
senting a  highly  acid  reaction,  when  uric  acid  crystals  are  also  fre- 
quently observed  in  large  numbers  (Fig.  153).  They  are  colorless 
and  soluble  in  acetic  acid. 

Hippuric  acid  crystals  have  been  observed,  although  rarely,  in  uri- 
naiT  sediments,  in  acute  febrile  diseases,  diabetes,  and  chorea,  while 
their  occurrence  following  the  ingestion  of  large  amounts  of  prunes, 
mulberries,  blueberries,  or  the  administration  of  benzoic  acid  and 
salicylic  acid,  is  more  common. 

Hippuric  acid  occurs  in  the  form  of  fine  needles  or  rhombic  prisms 
and  colunms,  the  ends  of  which  terminate  in  two  or  four  planes,  at 
times  resembling  the  crystals  of  ammonio-raagnesium  phospliate  and 
of  uric  acid.  From  the  former  they  may  be  readily  distinguished  by 
their  insolubility  in  hydrochloric  acid,  and  from  the  latter  by  the 
fact  that  they  do  not  give  the  raurexid  reaction  when  treated  with 
nitric  acid  and  ammonia.  In  the  case  of  urines  rich  in  hippuric 
acid  in  which  the  substance  does  not  appear  in  the  sediment,  it  is 
well  to  add  a  small  amount  of  hydrochloric  acid,  when  the  crystals 
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will  gradually  separate  out.  Their  presence  does  not  appear  to  possess 
any  clinical  significance. 

Oalciom  sulphate,  in  the  form  of  long,  colorless  needles  or  elon- 
gated prismatic  tablets  (Fig.  154),  has  been  observed  in  urinary 
sediments  in  only  two  cases.  In  both  the  urine,  especially  on  stand- 
ing, deposited  a  millcy-looking  sediment,  the  reaction  being  strongly 
acid.     It  may  be  recognized  by  its  insolubility  in  acids  and  ammonia.' 

Ojatln  is  rarely  seen  in  urinary  sediments.     It  occurs  in  the  form 

.   of  colorless,  hexagonal  platelets,  which  are  very  characteristic  (Fig. 

155).    The  crystals  are  soluble  in  ammonia  and  hydrochloric  acid, 

and  insoluble  in  acetic  acid,  water,  alcohol,  and  ether.     They  can 

thus  be  readily  distingulsbed|from  certain  forms  of  uric  acid,  with 


Fia.  IM. — Calcium  nilpbatc  eryatalg. 


which  they  might  possibly  be  confounded  at  first  sight.  When 
heated  upon  platinum  foil  they  bum  with  a  bluish-green  tiame  with- 
out melting. 

Cystin-containing  urines  may  be  of  normal  api)earance,  but  they 
often  present  a  peculiar  greenish-yellow  color.  The  reaction  is 
mostly  neutral  or  alkaline.  Upon  standing  expawd  to  the  air  a 
marked  odor  of  hydrc^n  sulphide  develops,  owing  to  decomjfosition 
of  the  cystin;  but  at  times  urines  are  met  with  in  which  a  distinct  odor 
of  hydrogen  sulphide  is  noticeable,  although  crystals  of  cystin  are  not 
seen  in  the  sediment.  It  may  then  lie  demonstrated  by  strongly 
acidifying  the  urine  with  acetic  acid  or  by  allowing  it  to  undergo 
ammoniacal  decompostion.  In  either  case  cy.stin  crystals  will  se[>a- 
rate  out  on  standing.  It  should  l>e  rememlwred,  however,  that  not  all 
urines  in  which  hydrogen  sulphide  is  formed  contain  c^'stin.  (See 
Hydrothionuria.) 
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The  amount  of  cystin  which  may  be  found  in  urinary  sediments 
is  variable.  Sometimes  a  few  crystals  only  are  obtained,  while  at 
others  from  0.5  to  1  gram  may  be  recovered.  As  is  the  case  with 
the  other  non-organized  constituents  of  sediments,  however,  the 
amount  deposited  does  not  necessarily  indicate  the  total  amount 
present.  \Vhere  a  quantitative  estimation  of  cystin  is  to  be  made, 
it  is  best  to  filter  o£f  that  which  is  deposited  and  to  estimate  the 
amount  of  neutral  sulphur  in  the  filtered  urine.  An  increase  beyond 
the  normal  may  be  referred  to  the  cystin  remaining  in  solution.  (See 
Neutral  Sulphur.) 

Clinical  interest  in  connection  with  cystinuria  centres  in  the  fre- 
quent association  of  cystin  sediments  with  cystin  gravel  or  calculi; 
but  the  cystinuria  may  exist  for  years  without  giving  rise  to  clinical 
symptoms. 

Very  remarkable  is  the  not  uncommon  occurrence  of  cystinuria  in 
families.  Cases  of  transient  cystinuria  likewise  occur,  and  it  is 
hence  scarcely  admissible  to  speak  of  a  "cured"  cystinuria  when  the 
condition  disappears  under  some  supposed  treatment. 

Of  the  origin  of  the  condition  Uttle  is  known.  It  has  been  sup- 
posed that  the  appearance  of  cystin  in  the  urine  is  in  some  manner 
connected  with  the  formation  of  certain  diamins  in  the  intestinal 
canal.  I  have  pointed  out,  however,  that  in  all  probability  the  for- 
mation of  cystin  and  diamins  takes  place  in  the  tissues  of  the  bodv, 
and  that  the  appearance  of  both  is  the  expression  of  a  definite  met- 
abolic anomaly  rather  than  of  a  specific  infection.  (See  Ptomains 
and  Neutral  Sulphur.) 

LiTF^RATrRE. — C.  E.  Simon,  ''Cystinuria  and  its  Relation  to  Diaminuria,"  Amcr. 
Jour.  Med.  Sci.,  1900,  vol.  cxix,  p.  39.     See  also  the  literature  under  Ptomains. 

Leucin  and  tyxosin  are  never  found  in  urinary  sediments  under 
normal  conditions.  They  are  seen  especially  in  acute  yellow  atrophy 
and  in  some  cases  of  acute  phosphorus  poisoning. 

Traces  of  leucin  and  tyrosin  are  said  to  be  constantly  present  also 
in  cases  of  cirrhosis  and  carcinoma  of  the  liver,  in  cholelithiasis, 
catarrhal  jaundice,  Weil's  disease,  nephritis,  cystitis,  gout,  bronchitis, 
tuberculosis,  typhoid  fever,  hysteria,  erj'sipelas,  glucosuria,  etc.,  but 
in  many  cases  the  proof  has  not  been  properly  furnished  that  thesul»- 
stance  under  examination  was  reallv  tyrosin.  In  connection  ^ith 
cv.stinuria  the  elimination  of  tyrosin  has  also  been  observed,  but  in 
two  cases  which  I  examined  in  this  direction  I  obtained  negative 
results. 

Isolation  of  Leucin  and  Tyrosin. — As  leucin  is  hardly  e\er  found  in 
the  sediment,  and  tyrosin  only  when  present  in  large  quantities,  the 
urine  in  evvry  case  should  first  be  concentrated  upon  a  water  bath 
and  examined  on  cooling.  At  times,  however,  when  these  substances 
are  present  in  only  very  small  c|iiantities,  this  procedure  may  not  lead 
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to  the  desired  end,  and  in  doubtful  cases  the  following  method  should 
be  employed : 

The  total  amount  of  urine  voided  in  twenty-four  hours  is  pre- 
cipitated with  basic  lead  acetate  and  filtered,  whea  the  filtrate,  from 
which  the  excess  of  lead  has  been  removed  by  means  of  hydrogen 
sulphide,  is  evaporated  to  as  small  a  volume  as  possible.  Any  urea 
that  may  be  present  is  removed  by  shaking  with  a  small  amount  of 


Fro.  1S8.— Tyrwio  cry.tsli.     (Ch«rli 


absolute  alcohol,  and  the  insoluble  residue  extracted  with  alcohol 
containing  a  little  ammonia.  This  extract  is  concentrated  to  a  small 
volume  and  left  to  spontaneous  crystallization.  Leucin  and  tyrosin 
separate  out  and  can  then  be  further  examined. 

Ulnch  advises  to  evaporate  the  urine  to  dryness  and  to  heat  the 
residue  gently  while  the  vessel  is  covered  with  a  plate  of  glass  or  a 
funnel.     The  tyrosin  is  then  said  to  sublime,  and  is  deposited  on  the 


cool  glass  in  ciystalline  form,  the  crystals  giving  the  characteristic 
reactions. 

Tyrosin  crystallizes  in  the  form  of  very  fine  needles  (Fig.  156), 
which  are  usually  grouped  in  sheaves.  They  are  insoluble  in  acetic 
acid,  but  soluble  in  ammonia  and  hydrochloric  acid. 

Leucin  (Fig.  157)  occurs  in  the  form  of  spherules  of  variable  size, 
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which  resemble  globules  of  fat,  but  may  be  distinguished  from  these 
by  their  insolubility  in  ether.  In  the  urine  they  present  a  more  or 
less  pronounced  brownish  color,  and  upon  close  examination  con- 
centric striations  as  well  as  veiy  fine  radiating  lines  can  at  times  be 
made  out,  which  are  especially  characteristic. 

If  crystals  resembling  tyrosin  and  leucin  are  found,  the  following 
tests  should  be  made: 

Separation  of  the  Tyrosin. — ^The  crystals  are  filtered  off,  washed 
with  water,  and  dissolved  in  ammonia  to  which  a  little  ammonium 
carbonate  has  been  added.  The  solution  is  allowed  to  evaporate, 
when  the  tyrosin  separates  out. 

Piria's  Test} — A  bit  of  the  tyrosin  is  moistened  on  a  watch-crys- 
tal with  a  few  drops  of  concentrated  sulphuric  acid,  covered,  and 
set  aside  for  half  an  hour.  It  is  then  dUuted  with  water,  heated, 
and  while  hot  saturated  with  calcium  carbonate  and  the  solution 
filtered.  The  filtrate  is  colorless,  but  when  heated  with  a  few  drops 
of  a  very  dilute  neutral  solution  of  ferric  chloride  it  assumes  a  violet 
tint. 

Hoffmann* s  Test? — ^A  small  amount  of  tyrosin  is  dissolved  in  hot 
water  and  treated,  while  hot,  with  mercuric  nitrate  and  potassium 
nitrite.  The  solution  assumes  a  dark-red  color  and  yields  a  volumi- 
nous red  precipitate. 

Separation  of  the  Leucin, — ^Af ter  filtering  off  the  tyrosin  from  the 
ammoniacal  solution  (see  Separation  of  Tyrosin,  above)  the  residual 
fluid  is  concentrated  to  the  point  of  crystallization  and  treated  ^ith 
a  little  alcohol.  This  will  take  up  the  leucin.  The  alcoholic  extract 
is  allowed  to  evaporate  and  the  residue  examined  with  Scherer's 
test. 

Scherer's  Test? — When  leucin  is  treated  upon  platinum  foil  with 
nitric  acid,  a  colorless  residue  is  obtained  which,  upon  the  applica- 
tion of  heat  and  the  addition  of  a  few  drops  of  a  solution  of  sodium 
hydrate  forms  a  droplet  of  an  oily  fluid  which  does  not  adhere  to  the 
platinum. 

Hofmeister's  Test? — A  small  amount  of  leucin  dissolved  in  water 
causes  a  deposit  of  metallic  mercury  when  heated  with  mercurous 
nitrate. 

Literature. — Frerichs,  Wien.  med.  Woch.,  1854,  vol.  iv,  p.  465.  Schultzen 
u.  Riess,  Charity  Annal.,  vol.  xv.  Pouchet,  Maly's  Jahresber.,  1880,  vol.  x,  p. 
248.  Irsai,  ibid.,  1885,  vol.  xiv,  p.  451.  Prus,  ibid.,  1888,  vol.  xvii,  p.  345. 
Friinkel,  Berlin,  klin.  Woch.,  1878,  vol.  xv,  p.  265. 

Xanthin  crystals  (Fig.  158)  are  very  rarely  observed  in  urinary 
sediments,  and,  so  far  as  I  have  been  able  to  ascertain,  the  case 

^  Liebig's  Annal.,  1852,  vol.  Ixxxii,  p.  251. 
^  Ibid.,  1857,  vol.  Ixxxvii,  p.  124. 
'  Jour.  f.  prak.  Chem.,  1887,  vol.  Ixxix,  p.  410. 
*  Liebig's  Annal.,  1877,  vol.  cxxxix,  p.  6. 


MICROSCOPIC  EXAMINATIOlf  OF  THE  URINE 


567 


observed  hj  Bence  Jones'  is  the  only  one  on  record.  Care  should 
be  had  not  to  confound  colorless  crystals  of  uric  acid  with  xantfain. 
Xanthin  is  readily  soluble  in  ammonia.  It  can  be  identified  by  means 
of  Strecker's  test  (which  see). 

Clinically,  xanthin  sediments  are  of  interest  only  in  so  Far  as  this 
substance  may  give  rise  to  the  formation  of  calculi. 

8mp6  ot  Jdma  and  Magneaia. — v.  Jabsch  has  pointed  out  that  in 
various  diseases  crystals  may  be  found  which  "closely"  resemble 
^Tosin  in  appearance,  and  pictures  such  crystals  (Fig.  159),  which 
from  their  behavior  toward  reagents  he  is  inclined  to  regard  as  cal- 
cium and  magnesium  salts  of  certain  higher  fatty  adds. 

Should  doubt  arise,  the  question  may  be  readily  decided  by  a 
chemical  examination.     (See  Tests  for  l^rosin  and  Fat^  Acids.) 


BQimbfai  (Henutoidin)  ajBUla  in  the  form  of  yellow  or  ruby-red 
ibombic  plates  or  needles,  as  well  as  amorphous  granules,  have  been 
seen  in  the  urine  in  rare  cases.  They  are  easily  soluble  in  alkahes 
and  chlorofonn,  but  not  in  ether.  When  treated  upon  a  slide  with 
a  drop  of  nitric  acid  a  green  ring  will  be  seen  to  form  around  them 
(Gmelin's  reaction).'  Such  ci^stab  have  been  found  either  free  or 
embedded  within  cells  or  tube  casts,  in  cases  of  scarlatinal  nephritis, 
the  nephritis  of  pregnancy,  in  granular  atrophy,  amyloid  degenera- 
tion of  the  kidneys,  in  icteric  urines  and  in  carcinoma  of  the  bladder, 
of  which  latter  condition  they  have  been  regarded  by  some  as  patht^- 
nomonic. 

Fat. — When  small,  strongly  refractive  globules  of  tat,  which  may 
be  readily  recognized  by  their  solubility  in  ether,  are  observed  either 


>  Chem.  Centnlbl.,  1868,  vol.  xiii. 
'  KuMnuuil,  WiinbuTger  med.  Z«it., 
klin.  H«d.,  1879,  vol.  xiu,  p.  115. 


1863,  vcd.  iv,  p.  64.     EbtAein,  Aich.  f. 
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floating  on  the  urine  or  held  in  suspension,  it  is  necessary  to  ascer- 
tain first  of  all  whether  such  fat  may  not  be  present  accidentally, 
owing  to  the  use  of  a  bottle  or  vessel  not  absolutely  clean,  or  pre- 
vious catheterization,  etc.  The  diagnosis  lipuria  should  only  be 
made  when  all  possible  precautions  have  been  taken  to  exclude 
the  accidental  presence  of  this  substance.  True  lipuria — i.  e.,  an 
elimination  of  fat  usually  in  the  form  of  droplets  floating  on  the 
urine — has  been  noted  in  various  cachectic  conditions,  in  cases  of 
heart  disease,  affections  of  the  pancreas  and  liver,  in  gangrene  and 
pyemia,  in  diseases  of  the  bones,  especially  following  fractures,  in 
diseases  of  the  joints,  in  diabetes,  and  notably  in  chyluria.  Fat  has 
also  been  observed  in  the  urine  following  the  ingestion  of  large 
amounts  of  cod-Uver  oil  and  inunctions  with  fats  and  oils. 

In  fatty  degeneration  of  the  kidneys  (nephritis,  phosphorus  poison- 
ing, etc.),  droplets  of  fat  may  be  seen  in  the  epithelial  cells  and  tube 
casts.  This,  however,  does  not  constitute  lipuria.  The  nature  of 
the  droplets  may  be  recognized  by  their  solubility  in  ether,  benzol, 
chloroform,  carbon  disulphide,  xylol,  etc.,  and  by  the  fact  that  they 
are  colored  black  when  treated  with  a  0.5  to  1  per  cent,  solution  of 
osmic  aid,  and  red  when  a  drop  of  tincture  of  alcanna  is  added  to  the 
specimen.  A  convenient  method  of  demonstrating  the  presence  of 
fat  is  also  the  following:  A  few  cubic  centimeters  of  the  urine  arc 
mixed  with  an  equal  volume  of  96  per  cent,  alcohol  and  a  concentrated 
solution  of  Sudan  III  in  96  per  cent,  alcohol.  The  sediment  which 
collects  is  then  examined  under  the  microscope;  the  excess  of  stain  is 
removed  by  allowing  a  few  drops  of  60  or  70  per  cent,  alcohol  to  run 
under  the  cover-slip  and  removing  it  with  filter  paper  placed  at  the 
edge  of  the  preparation.  The  fat  droplets  are  thus  colored  a  ver- 
milion red.  Free  fat  can,  of  course,  be  demonstrated  in  the  same 
manner.     (See  also  Lipuria.) 

Sediments  Occurring  in  Alkaline  Urines.  Basic  Phosphate  of  Cal- 
cium and  Magnesium. — The  most  common  sediments  obsened  in 
alkaline  urines  consist  of  amorphous  phosphates  of  ailcium  and 
magnesium.  Thev  are  usually  as  abundant  as  the  urate  sediments 
which  have  been  descril>ed,  but  may  be  distinguished  from  these  bv 
the  fact  that  they  do  not  dissolve  upon  the  application  of  heat,  but 
disappear  upon  the  addition  of  acetic  acid,  and  are  never  colored. 
In  this  manner  it  is  also  easy  to  distinguish  such  a  sediment  from  one 
due  to  pus,  with  which  it  mi^ht  possibly  be  confounded  at  first  sight. 
Upon  microscopic  examination  a  drop  of  the  sediment  will  be  seen 
to  contain  innumerable  transparent  granules  scattered  over  the  entire 
field,  and  closelv  resemblino^  those  of  urate  of  sodium. 

Phosphatic  sediments  are  observed,  as  mentioned  elsewhere,  when- 
ever the  reaction  of  the  urine  is  alkaline,  whether  this  l>e  owing  to  the 
presence  of  fixed  alkali  or  to  ammoniacal  fermentation.  They  also 
result  if  a  faintly  acid,  faintly  alkaline,  or  amphoteric  urine  is  lx)iled. 
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Mentnl  Oalcnim  Pbosphftto. — ^These  crystals  may  be  found  in  alka- 
line, amphoteric,  and  feebly  acid  urines,  but  are  not  very  common. 


They  are  at  times  of  lai^  size,  but  more  commonly  acicular,  occur- 
ring either  singly  or  united  in  a  star-like  manner  (Fig,  160).  They 
are  colorless,  readily  soluble  in  acetic 
add,  and  insoluble  in  warm  water,  so 
that  they  can  be  easily  distinguished 
from  uric  acid. 

Basic  BUgBesiam  phosphate  crystals 
occurring  in  the  form  of  large,  highly 
refractive  plates  (Fig.  161),  are  at  times 
seen  in  alkaline,  neutral,  or  faintly  acid 
and  highly  concentrated  urines.  They  *'"phate7iStLV'"(f°^kSJh.)''"* 
are  readily  recognized  by  treating  a  drop 

of  the  sediment  upon  a  slide  with  a  drop  of  ammonium  carbonate  solu- 
tion (1  to  4),  when  the  crystals  become  opaque  and  their  edges  assume 


an  eroded  aspect.    In  acetic  acid  they  dissolve  with  ease  and  may  then 
be  reprecipitated  by  means  of  sodium  carbonate.  They  are  uncommon. 
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Ammonio-BugiiMlam  pbosidiate,  usually  spoken  of  &s  triple  ^at- 
phat«,  ciystallizes  in  large  prismatic  crystals  of  the  riiombic  s^ton; 
it  is  most  abundantly  observed  in  alkaline  urines,  but  may  also  occor 
in  feebly  acid  specimens.  Of  the  various  forms  which  may  occur, 
that  resembling  the  lid  of  a  German  coffin  is  the  most  chancteristic 
(Fig.  162).  At  times  these  ciystab  attain  a  large  size;  veiy  snull 
specimens,  however,  also  occur  which  may  be  mistaken  for  toolate 
of  calcium,  but  from  these  they  are  distinguished  by  the  ease  irith 
which  they  dissolve  in  acetic  add. 

Here,  aa  elsewhere,  it  should  be  remembered  that  no  condusitHB 
as  to  the  amount  actually  eliminated  can  be  drawn  from  a  micro- 
scopic examination  and  the  diagnosis  "phosphaturia"  should  be 
based  only  upon  the  results  of  a  quantitative  analysis. 

The  continued  elimiitation  of  a  turbid  urine,  the  turbidity  of  whidi 
is  referable  to  phosphates,  b  notably  observed  in  certain  neurastbemc 
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individuals  wilh  a  predominance  of  cerebral  symptoms.  Very  curi- 
ously the  phosphaturia  is  not  influenced  by  diet. 

Calcium  carbonate  frequently  occurs  in  alkaline  urines,  and  appears 
under  the  microscope  in  the  form  of  minute  granules,  occurring 
singly  or  arranged  in  masses;  dumb-bell  forms  are  also  seen  {Fig. 
id'd).  They  may  be  recognized  by  the  fact  that  they  readily  dis- 
solve in  acetic  acid,  with  the  evolution  of  gas. 

Ammonium  urate  is  observed  only  in  urines  which  are  undeigoing 
animoniacal  decomposition.  Its  presence  should  always  call  for  a 
careful  investigation  in  order  to  ascertain  whether  this  has  taten 
place  after  the  urine  has  been  voided  or  before.    (See  Reaction.) 

The  salt  occurs  in  the  form  of  brownish,  spherical  bodies  of  variable 
size,  which  are  sometimes  composed  of  delicate  needles,  while  at 
others  they  are  amorphous,  but  may  be  beset  with  prismatic  spicules. 
(fhornapple  forms).  They  are  not  easily  mistaken  for  any  other 
substance  which   may   be  present  in  urinary  sediments  (Fig.  IW). 
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monium  urate  is  characterized,  moreover,  by  its  solubility  in 
tic  and  hydrochloric  acids,  and  by  the  subsequent  separation  of 
mbic  crystals  of  uric  acid. 

ndigo  in  the  form  of  delicate  blue  needles,  arranged  in  a  stellate 
riner  or  in  plates,  visible  only  with  the  microscope,  is  rarely  seen. 
an  amorphous  condition,  however,  it  may  be  met  with  in  almost 
ry  decomposed  urine,  occurring  in  the  form  of  small  granules 
[  sometimes  staining  the  morphological  elements  that  may  be 
sent  a  distinct  blue.  Sediments  presenting  a  bluish-black  color 
•e  noted  in  the  time  of  Hippocrates  already,  and  have  been 
cribed  since  by  numerous  observers,  but  the  nature  of  the  color- 
matter  has  only  been  determined  within  the  last  fifty  years, 
tiically,  the  occurrence  of  indigo  in  the  urine  is  of.  interest,  as 
al  calculi  have  been  observed  which  consisted  almost  entirely  of 
\  substance.  But  little  is  known  of  the  causes  which  give  rise 
its  appearance  in  the  urine,  but  there  can  be  no  doubt  that  its 
urrence  is  referable  to  the  action  of  certain  microorganisms  upon 
lary  indican  (which  see).* 


Organized  Constituents  of  Urinary  Sediments. 

Spithelial  Cells  (Fig.  165). — Bearing  in  mind  the  fact  that  desqua- 
tive  processes  are  constantly  going  on  in  the  epithelial  lining  of 

various  cavities  and  channels  of  the  body,  one  should  expect  to 
I  in  every  urine  representatives  of  the  different  forms  of  epithelium 
m  the  Malpighian  tufts  down  to  the  meatus  urinarius.  To  a  cer- 
1  extent  this  actually  happens,  and  cells  apparently  derived  from 

meatus,  the  urethra,  bladder,  ureters,  and  pelvis  of  the  kidneys 
y  be  met  with  in  almost  every  specimen,  although  it  is  often  diffi- 
t  to  tell  the  origin  of  the  individual  cells.  Bizzozero  even  claims 
t  it  is  impossible  to  distinguish  between  the  cells  of  the  bladder  and 
•se  of  the  meatus  and  renal  pelvis,  while  as  a  class  they  may  be 
:erentiated  in  most  cases  from  the  cells  of  the  urethra,  the  ureters, 

prepuce  of  the  male,  and  the  vulva  and  vagina  of  the  female, 
lis  from  the  uriniferous  tubules  are  seldom  seen  in  normal  urines. 
rhe  nimiber  of  epithelial  cells  occurring  in  urinary  sediments  under 
jTsiological  conditions  is  small,  and  the  presence  of  large  numbers 
y  hence  always  be  regarded  as  abnormal.  Their  appearance  is 
luenced  by  the  reaction  of  the  urine,  an  alkaline  or  neutral  urine 
ising  them  to  swell  and  to  appear  larger  and  rounder  than  in  acid 
nes.  As  has  been  mentioned,  the  cellular  type  is  practically  the 
Qe,  moreover,  in  the  bladder,  ureters,  and  pelvis  of  the  kidneys. 
Vs  has  already  been  stated  it  may  be  very  difficult  to  determine 

*  v.  Jaksch,  Prag.  med.  Woch.,  1892,  vol.  xvii,  p.  602. 
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the  origin  of  single  epithelial  cells,  or  even  of  groups  of  alls,  by 
examining  these  /xt  se.  But  not  infrequently  other  findings  may 
lead  to  th(*ir  proper  classification  and  inteq)retation. 

( Jenerally  speaking  three  forms  of  epithelial  cells  may  be  fuuml  in 
urinary  se<liments,  viz.: 

1.  Hound  cells. 

2.  (\)nical  and  caudate  cells. 

3.  Flat  cells. 
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Round  cells  niav  he  derivcMl  from  the  urinifen)us  tul>uU's  or  -Ik' 
deeper  Inyei-s  of  tlie  nuieous  membrane  of  the  pelvis  of  tht»  kiihiiy-. 
Tliey  nre  somewhat  larger  than  pus  eorpuseles  and  may  be  ili- 
tiiiguislied  from  these  by  the  prt^senee  of  a  hirge,  well-<lefinetl  niicKu^ 
\vhi<h  is  readily  visil)le  as  such,  while  in  pus  cells  it  becomes  ilisiiiH" 
only  n])()n  thi*  addition  of  acetic  acid,  and  is,  mon'over,  imilripit. 
Whenever  such  cells  an:*,  found  adherint;  to  urinarv  casi>-  it  i^  clrar 
that  they  re])resent  the  glandular  elements  proper  of  the  kidnrv-. 
As  similar  cells  are  foimd  in  the  male  urethra,  confusion  mav  iiriM'. 
Should  albumin  be  present,  the  cells  are  pmbably  of  n*nal  oriiriii. 
The  presence  of  such  cells  in  large  numbers  together  with  pu^^,  in  tl«' 
al)sene(*  of  tube  casts  and  albumin  bevond  tnices,  will  usuallv  iiiili- 
ente  the  existence  of  a  simple  pyelitis,  particularly  if  round  crlU  an* 
found  joined  in  a  shingle-like  manner.  Should  the  pyelitis  be  ass^»- 
ciated  with  a  nephritis,  tube  casts  and  albumin  in  larger  ainouni> 
will  nt  the  same  time  be  present.  In  such  cases  it  may  be  ini|K)S<il'l** 
to  determine  the  origin  of  the  cells,  excepting  of  such  that  may 
aillHTc  to  casts. 


^ 
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In  simple  circulatory  disturbances  affecting  the  renal  panMiciiynia 
no  special  abnormalities  can  be  discovered  in  the  structures  of  tlu^ 
cells,  while  in  fatty  degeneration  of  the  kidneys  they  will  lx»  jkhmi  to 
contain  fatty  particles  in  greater  or  less  abundance.  At  other  times 
they  are  markedly  granular  and  occur  in  fragments. 

Conical  and  caudate  cells  are  mostly  derived  from  the  su|M'ril(;iul 
layers  of  the  pelvis  of  the  kidneys,  and  are  hence  seen  in  largt*  num- 
bers in  cases  of  pyelitis.  Similar  cells,  however,  are  also  found  in 
the  neck  of  the  bladder. 

Flat  cells  may  come  from  the  ureters,  the  bladder  or  the  genitals. 
Large  polygonal  cells  provided  with  single  distinct  nuclei  and  a  more 
or  less  markedly  granular  protoplasmic  7X)ne  al>out  the  nucrleus  an? 
usually  derived  from  the  external  genitals.  Many  such  (m*IIs  are 
more  or  less  broken  down  and  distorted.  The  surface  cells  fmin  the 
bladder  and  ureters  are  less  apt  to  show  evidence  of  injury  or  degenera- 
tion, and  are  on  the  whole  smaller.  Surface  epithelial  cells  fnim  the 
vagina  are  mostly  fusiform  in  shape  and  very  commonly  show  an 
irregular,  warped  outhne.  Often  they  are  seen  in  large  pla(|ues. 
Other  more  or  less  rounded  forms  are  derived  fn)m  the  de<*[K?r  layers 
of  the  mucosa.  Irregular  or  conical  cells,  often  provider]  with  one 
or  more  protoplasmic  processes,  likewise  come  from  the  lower  layer 
of  the  mucosa  of  the  bladder  and  ureters. 

In  alkaline  urines  undergoing  l^acterial  dec*om|x>sition  it  is  com- 
mon to  meet  with  large  surface  epithelial  aMs  fn>ni  the  external 
genitals  which  are  literally  one  mass  of  l>a^.'teria. 

Literature. — Bizzozerrj.  loc.  cit.  Kirhlir>rMt,  I>rhrt>ijch  *i.  pUyuiktii,  IjUUrt' 
such.  iDD.  Krankheit,,  2d  erl.,  p.  336,  BrauriHchwf;!^.  « 

Leukocytes. — Leuk(X?}tes  are  ^iimmuu^nnl  in  only  very  small  num- 
bers in  normal  urines.  A  marke^i  incn^sf;  should,  iMrnrrt?,  alwavM 
be  regarded  as  indicating  the  existenr-e  of  dLvAv;  sriineH'hen?  in  tfi#; 
urinar}'  tract,  excepting  in  females,  wli^fre  their  pn?Vfn<5ir  may  Ur 
oindng  to  an  admixture  of  leucr>rrheal  dis/rliargv;.  \u  tliat  ^av;  the 
source  of  the  pu.s  will  generally  Ije  rer:rigrjj//^i  by  tlj#;  Mmulun^i^/un 
occurrence  of  pavement  epitlielial  celh  'A  itttr  vaginal  tyjjir  in  i:fpr^ 
lespondingly  large  numl/epi.  In  doul/tful  <:avr'9  tlje  tirin^t  ilj/zubi 
always  Ije  obtainerl  with  the  f:ii\\^ty^T,  fmr*:  li'ring  tak^^fi  Vp  i\if9rtfH*f^i\y 
cleanse  the  \Tilva  Ijefore  tJje  inxr*Mlw:%'y/h  f/f  tl^r  in',inji/ieijt. 

Occasionally  the  p»iT  U  deriv*5rj  frr/r/j  a  jt*^'/ii\ffjnst'/  '4\9¥-p^>.  that 
has  opened  into  the  urinar/  pa^^g»ft. 

The  amount  of  yvt  whirri  znja^'/  \^.  \*riiA  in  un;**^,  t^  u^fX  varia^ 
ble.  On  the  oi>e  \i3±7.A.  d«fjx/-rt-  *>r'»*T3il  ^:^f;tjrry^>'f>  \u  \^\y:\i\  af^  /y/ 
uncommon,  and  d'/^y  rr*^.u'f^.  ^>^>-,;»»  '/  {/fy/'-^/lriit/r^;  \*pf  why'fj 
thev  are  indewi  fr»:*j:ifrr-r{v  .^^i^♦;!s>>r-  ^/f;  »?>:  '^i^t  [^lA.  ;»  UiS§.\  otA* 
be^possiUe  to  dii^/vfr  r:^.  y7*:*^.y>i  */.  \/iK  kr/  ::^^:.k  'A  *S^.  u:\f:vr' 
scope,  which  frbr>uid  r>:  •cu^'^r^^A  ':u  f^er;*  '^*^,, 
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The  appearance  of  the  pus  corpuscles  varies  in  different  cases. 
In  acid  urines  their  form  is  usually  well  preserved,  and  in  feebly 
alkaline  and  neutral  specimens  it  may  even  be  possible  to  obsen'e 
ameboid  movements  when  the  slide  is  carefully  warmed.  In  alka- 
line urines,  however,  they  usually  swell  up  and  become  opaque,  so 
that  it  is  impossible  to  discern  a  nucleus  unless  they  are  treat^  with 
acetic  acid.  At  other  times,  and  particularly  when  pus  has  remained 
long  in  the  body,  it  may  be  almost  impossible  to  make  out  a  nucleus, 
and  in  extreme  instances  nothing  but  a  mass  of  granular  and  fatty 
detritus  is  left. 

While  with  a  certain  amount  of  experience  it  is  hardly  likely  that 
a  sediment  of  pus  will  be  mistaken  for  anything  else,  it  should  be 
remembered  that  if  pus  is  exposed  to  the  action  of  anmionia  or  an 
ammonium  salt  the  pus  corpuscles  become  disintegrated.  In  such 
cases,  as  in  old,  neglected  instances  of  cystitis,  in  which  ammoniacal 
decomposition  of  the  urine  has  taken  place  in  the  bladder,  a  deposit 
may  be  obtained  which  microscopically  resembles  mucus,  and  in 
which  pus  corpuscles  may  not  even  be  demonstrable  with  the  micro- 
scope. The  sediment  escapes  as  a  gelatinous,  slippery  mass  when 
the  urine  is  poured  from  one  vessel  into  another.  Recourse  must 
then  be  had  to  certain  chemical  tests,  as  a  pyuria  might  otherwise  be 
overlooked.  To  this  end  the  following  procedure,  suggested  by 
Vital i,^  may  be  employed: 

The  urine,  after  having  been  acidified  with  acetic  acid,  is  filtered, 
and  the  contents  of  the  filter  treated  with  a  few  drops  of  tincture 
of  guaiacum  wliich  has  been  kept  in  the  dark,  when  in  the  prci- 
enee  of  pus  the  filter  paper  is  colored  a  deep  blue. 

A  solution  of  iodopotassic  iodide  may  be  employed  in  less  extreme 
instances.  A  drop  of  tliis  solution  is  added  to  a  drop  of  the  sediment 
upon  a  slide,  when  the  pus  corpuscles,  owing  to  the  presence  of  glyco- 
gen, are  colored  a  dark  mahogany-brown,  while  epithelial  cells,  with 
certain  forms  of  which  they  might  possibly  be  mistaken,  assume  a 
lifrht-vellow  color. 

Donnr\s  pus  test  is  based  upon  the  fact  that  the  transformation  of 
pus  ino  a  gelatinous,  mucus-like  mass,  observed  in  cases  of  cystitis, 
owing  to  the  action  of  ainnioniura  carbonate,  may  also  be  artificially 
produced  by  the  addition  of  a  small  piece  of  caustic  soda  and  stir- 
ring, when  in  the  presence  of  pus  in  small  amounts  the  liquid  becomes 
nuicilaginous  and  ropy,  while  a  gelatinous  mass  is  obtained  if  it  is 
abundant. 

J/////rr'.y  Modijicafion  of  Donne's  Test. — 5  to  10  c.c.  of  urine  are 
treated  drop  by  drop  with  oflScial  sodium  hydrate  solution,  shaking 
thoroughly  after  the  addition  of  each  drop.  If  then  the  tube  is 
observed,  it  will  be  noted  that  the  bubbles  of  air  can  rise  onlv  verv 

'  Maly's  Jahresbcr.,  1890,  vol.  xviii,  p.  326. 
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slowly  through  the  viscid  fluid  or  in  the  presence  of  fair  amounts  of 
pus  may  remain  stationary  altogether.  A  positive  reaction  is  still 
obtained  from  1200  pus  cells  to  the  cb.  mm. 

From  a  clinical  point  of  view  it  is  important  to  establish  the  source 
of  the  pus  in  every  case  of  ^pyuria.  This  may  at  times  be  diflficult, 
but  the  following  data  will  be  found  of  value  in  a  differential  diag- 
nosis: 

1.  In  disease  affecting  the  renal  parenchyma  the  amount  of  pus, 
as  a  rule,  is  small,  except  where  a  large  abscess  located  in  the  kidney 
structure  proper  has  burst  into  the  pelvis  of  the  kidney. 

In  uncomplicated  cases  it  is  a  comparatively  easy  matter  to  recog- 
nize the  renal  origin  of  the  pus,  as  other  constituents,  such  as  renal 
epithelial  cells,  and  tube  casts,  are  usually  present  at  the  same  time, 
and,  as  was  noted  in  the  case  of  renal  epithelial  cells,  leukocytes 
are  frequently  found  adhering  to  the  tube  casts,  and  at  times  appar- 
ently compose  these  entirely,  when  they  are  spoken  of  as  'pus  casU, 
(See  Casts.)  In  nephritis,  according  to  Bizzozero,  the  number  of 
pus  corpuscles  stands  in  a  direct  relation  to  the  intensity  and  acute 
character  of  the  morbid  process,  the  greatest  number  being  found  in 
cases  of  acute  nephritis,  while  in  chronic  forms  their  number  is  usually 
insignificant.  \Vhenever  in  the  course  of  a  chronic  nephritis  large 
numbers  of  pus  corpuscles  appear,  they  may  be  regarded  as  indicating 
either  an  acute  exacerbation  of  the  disease  or  a  complicating  inflam- 
mation of  some  portion  of  the  urinary  tract.  In  such  cases  errors 
may  be  guarded  against  by  observing  the  numl)er  and  character  of 
the  epithelial  cells  present  at  the  same  time,  when  it  will  often  be  found 
that  what  at  first  sight  appears  as  an  acute  exacerbation  of  a  chronic 
process,  judging  from  the  number  of  pus  corpuscles,  is  in  reality  a 
secondary  pyelitis,  ureteritis,  or  cystitis. 

In  cases  of  simple  renal  hyperemia  pus  corpuscles  never  occur  in 
notable  numbers. 

2.  In  pyelitis  the  amount  of  pus  may  vary  considerably,  and  at 
times  even  perfectly  clear  urine  may  be  voided.  This  is  prob- 
ably owing  to  the  fact  that  the  ureter  of  the  affected  side,  if  the  dis- 
ease is  unilateral,  becomes  obstructed  temporarily,  when  suddenly 
large  quantities  may  appear  again.  The  diagnosis  of  pyeUtis  is 
often  diflicult,  and  should  be  based  not  only  upon  the  condition  of 
the  urine,  but  upon  the  clinical  symptoms  as  well.  .  Very  significant 
is  the  fact  that  the  urine  in  pyelitis  is  usually  acid.  A  careful  exami- 
nation of  the  epithelial  elements  may  also  be  of  value,  and  should 
never  be  neglected.     Bacteria  in  large  numl>ers  are  generally  present. 

In  renal  tuberculosis  pus  appears  very  early,  but  the  amount  may 
be  extremely  variable.  Sometimes  only  a  few  leukocytes  are  seen,  while 
at  other  times  it  may  amount  to  one-fourth  and  even  one-half  of  the 
urine  by  volume.  As  a  rule  the  pyuria  is  constant,  but  cases  are 
seen  where  for  months  and  even  years  the  urine  may  be  almost 


566  '^^^  URINE 

clear  and  the  condition  is  much  improved.  It  should  be  remem- 
bered, however,  that  the  passage  of  apparently  normal  urine  may 
merely  indicate  that  the  other  ureter  is  blocked. 

When  pyelitis  is  associated  with  nephritis  it  may  at  times  be 
almost  impossible  to  determine  the  origin  of  the  pus;  but  if  the  rule 
set  forth  above  is  remembered,  that  in  chronic  nephritis  the  number 
of  leukocytes  is  small,  it  is  not  likely  that  a  pyelitis  will  be  overlooked, 
particularly  if  the  clinical  symptoms  are  taken  into  consideration. 

Matters  may  become  still  more  complicated  when  a  cystitis  is 
accompanied  by  a  pyelitis  or  a  pyelonephritis.  Catheterization  of 
the  ureters  should  then  be  resorted  to,  and  it  is  highly  desirable  that 
this  most  valuable  method  of  diagnosis  should  become  common  prop- 
erty as  soon  as  possible.  Fischl  regards  the  presence  of  cylindrical 
masses  composed  of  pus  corpuscles,  formed  in  all  jMX)babiUty  in  die 
papillary  ducts,  as  highly  characteristic  of  pyelitis. 

3.  A  pyuria  referable  to  ureteritis  can  hardly  be  diagnosticated  from 
the  appearance  of  the  mine,  and  in  suspected  cases  catheterization  of 
the  ureters  should  be  resort^  to,  which  will  probably  throw  light  upon 
the  question. 

4.  In  mild  cases  of  cystitis  pus  may  be  altogether  absent,  while 
in  the  more  severe  forms  its  presene  is  constant.  In  cystitis  die 
largest  amounts,  referable  to  disease  of  the  urinary  organs,  are 
observed,  and  are  exceeded  only  in  those  rare  conditions  in  which 
a  neighlK)ring  abscess  has  suddenly  opened  into  the  urinary  passages. 

As  the  urine  in  cvstitis  is  commonlv  alkaline,  and  alwavs  so  in  the 
more  severe  forms,  the  alkalinity  being  due  to  ammoniacal  fermen- 
tation, it  may  happen,  owing  to  the  disintegrating  action  of  the 
ammonium  carbonate  upon  the  pus  corpuscles,  that  these  may  not 
be  demonstrable  with  the  microscope,  and  that  a  gelatinous  mucoid 
sediment  appears  instead,  which  escapes  from  the  vessel  en  waw 
when  the  urine  is  poured  out.  The  chemical  tests  for  pus,  described 
above,  must  then  be  employed. 

5.  In  urethritis  pus  may  be  present  in  the  urine  in  considerable 
amounts.     The  source  of  the  pus  is  recognized  by  the  fact  that  a 
drop  may  be  manually  expressed  from  the  urethra,  particularly  in 
the    morning    upon    awaking.     Mucoid    gonorrheal    threads,— the 
**Tripperfaclen''  of  the  Germans, — which  are  largely  com|X)seii  of 
pus   corpuscles,    will    almost   always   be   detected   in   the   urine  m 
such   cases.     In   order   to   distinguish   between   a   simple  urethritis 
and  a  urethritis  complicated  with  cvstitis,  the  urine  should  be  ol>- 
tained  in  two  portions  and  allowed  to  settle.     In  simple  urethritis 
affecting  the  anterior  portion  of  the  urethra  the  first  specimen  i> 
cloudy,  while  the  second  one  is  clear.     If  the  urethritis,  however, 
has  extended  to  the  neck  of  the  bladder,  in  the  absence  of  cvstitis, 
the  first  portion  will,  of  course,  be  cloudy,  while  the  second  may 
present  a  variable  appearance,  l)eing  clear  at  times  and  cloudy  at 
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Others.    This  phenomenon  is  explained  by  the  fact  that  a  portion  of 

the  pus  contained  in  the  posterior  portion  of  the  urethra  has  found 

its  way  into  the  bladder.    A  cystitis  may,  however,  be  excluded  by 

the  acid  reaction  of  the  second  specimen,  and  the  fact  that  the  latter 

is  never  so  cloudy  as  the  first.    In  cases  of  urethritis  compli(*ated 

with  a  purulent  cystitis  the  second  portion  of  the  urine  contains  at 

least  as  much  pus  as  the  first,  and  usually  more,  owing  to  the  fa(!t 

that  the  pus  (which  is  heavier  than  the  urine)  falls  to  the  floor  of  the 

bladder,  in  which  case  also  the  last  drop  passed  will  often  l)e  found 

to  be  pure  pus.    The  reaction  of  the  urine,  moreover,  will  then  he 

generally  alkaline. 

6.  A  sudden  elimination  of  large  quantities  of  pus  with  a  urine 
which  up  to  that  time  has  presented  a  normal  or  nearly  normal  a|>- 
pearance  may  almost  always  be  referred  to  rupture  of  an  abscess  inti> 
the  urinary  passages.  Exceptions  to  this  rule  have  been  noted  in 
rare  instances  in  which  large  amounts  of  pus  suddenly  appeared,  the 
origin  of  which  could  not  be  demonstrated  upon  postmortem  inves- 
tigation. Whether  such  a  phenomenon,  as  v.  Jaksch  suggests,  is 
dependent  upon  ''unusual  conditions  favoring  dia[)e<iesis"  remains 
an  open  question. 

Enumeration  of  the  Pus  Corpuscles  in  the  Urine. — In  order  to 
determine  the  relation  existing  between  the  degree  of  pyuria  and 
albuminuria,  as  well  as  to  watch  the  progress  of  an  individual  case, 
an  enumeration  of  the  number  of  pus  corpuscles  is  at  times  nevA^s- 
sary.  To  this  end  a  specimen  of  the  urine  Is  thomiighly  sliakcn 
and  the  number  of  corpuscles  contained  in  one  cubic  niiliinietifr 
ascertained  with  the  aid  of  the  hemocytometer  CSimon's  ruling j. 
Dilution  i^dth  a  3  per  cent,  solution  of  common  salt  is  ne<!eK.sary  if 
a  preliminary  examination  has  shown  the  presence  of  more  tlian 
40,000  corpuscles  per  cb.  mm.  A  dilution  of  five  times  is  usually 
sufficient. 

Some  of  the  results  which  have  thus  Ijeen  obtained!  are  extrifmiflv 
interesting.  In  cases  of  mild  c}'stitls  .VXXi  pus  cxiq>uj4r;les  are  foumJ 
on  an  average  in  the  cubic  millimeter;  in  cases  of  uuxlemtif  Wfverity 
from  10,000  to  20,(XI0;  while  in  severe  cases  .V)/XJ^i  atul  even  more 
may  be  seen.  In  one  case  of  cystitis  r^rmipli^^iting  ^:arcinorfiH  of  tlu? 
bladder  Hottinger  obtainerl  152/XXi  per  cb.  mm.  In  iiw,  \tfii^.t%t:i',  of 
less  than  50,000  a  mere  trace  of  albumin  Is  found,  ari/J  with  V)/XX) 
to  100,000  only  1  prr^  mille  is  referable  Ut  i\m  y^nxroM} 

Red  Blood  Cofpudat. — H«e  pre^nr-e  of  rerj  bU^r^J  /^/q/uvkt^  in 
the  urine,  constituting  the  f^Mttliiiou  usually  hfjr/ken  r/f  a^)  hmuiturui, 
is  otiserved  only  in  patljoU^gi^^il  cr/fKjjtiirm'>,  and  i>),  in  f^minuYisiii^:^ 
tion  to  hemogloUnuria  'whifrh  «*:*;,  a  relatively  f^^mtnt^nt  ffc^^iirrtrrtf^fr. 

Ham,  etc.,  Di».,  WviTK^-rr   IhK,, 
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Urine  containing  blood  corpuscles  in  notable  numbers  presents  a 
color  which  may  vary  from  a  bright  red  to  a  dark  brown  verging 
upon  black.  Upon  standing,  a  sediment  of  a  corresponding  color 
is  obtained  in  which  distinct  coagula  of  variable  size  are  at  times 
seen. 

If  the  urine  should  contain  only  a  small  number  of  red  corpuscles, 
however,  no  deviation  from  its  normal  appearance  will  be  noted,  and 
the  diagnosis  of  hematuria  can  then  only  be  made  with  the  micro- 
scope, which  should  be  employed  in  every  case.  The  appearance  of 
the  red  corpuscles  varies  greatly,  being  influenced  especially  by  the 
length  of  time  during  wliich  they  have  remained  in  the  urine.  In 
cases  of  hematuria  of  urethral  or  vesical  origin  it  will  be  found  that 
they  have  mostly  retained  their  normal  appearance  fairly  well,  or 
have  become  crenated,  when  they  may  be  recognized  without  diffi- 
culty. In  cases,  on  the  other  hand,  in  which  the  corpuscles  have 
remained  in  the  urine  for  a  longer  time,  as  in  hematuria  of  renal  origin, 
the  inexperienced  will  frequently  be  puzzled  by  the  presence  of  bodies 
of  the  size  of  red  corpuscles,  or  somewhat  smaller,  which  are  entirelj 
devoid  of  coloring  matter,  and  appear  as  faint,  transparent  rings, 
often  presenting  a  double  contour,  and  in  w^hich  no  nucleus  can  be 
discovered.  These  formations  are  red  blood  corpuscles  from  which 
the  hemoglobin  has  been  dissolved.  They  are  spoken  of  as  blood 
shadows.  Chemical  tests  are  rarely  necessary,  but  may  be  employed 
if  doubt  should  arise. 

Clinically  it  is,  of  course,  all-important  to  determine  the  source  of 
the  blood.  This  may  at  times  be  accomplished  without  much  diifi- 
cultv  l)v  a  urinary  examination,  but  at  other  times  it  mav  almost  i)e 
impossible,  when  the  clinical  symptoms  and  physical  signs  must  l>e 
taken  into  consideration. 

1.  Hematuria  of  urethral  origin,  due  to  urethritis,  prostatitis,  or 
traumatism  incident  to  catheterization,  forexample,  is  a  common  event, 
and  readily  (Iiagnosti(*ated,  as  in  such  cases  blood  either  escapes  of 
itself  from  the  urethra  or  it  may  be  squeezed  out  manually.  The 
last  portion  of  the  urine  voided,  moreover,  will  always  be  found  free 
from  l)lood,  unless  it  is  referable  to  disease  of  the  neck  of  the  bladder, 
when  the  blood  a])pears  only  toward  the  end  of  micturition,  or  at 
least  more  markedly  then  than  in  the  beginning. 

2.  I'he  diagnosis  of  yesicid  hematuria  is  not  always  easily  made. 
It  should  he  remembered,  however,  that  the  blood  corpuscles  here 
present  a  normal  appearance,  as  has  been  mentioned,  unless  ammo- 
niacal  decomposition  is  occurring  in  the  bladder,  in  which  case  blood 
shadows  are  seen  in  large  numl>ers.  The  blood,  moreover,  is  less 
intimately  mixed  with  the  urine  than  in  cases  of  renal  hematuria, 
so  that  the  corpuscles  rapidly  settle  after  the  urine  has  been  passed. 
Blood  clots  of  an  irregular  form  and  considerable  dimensions  can 
only  be  of  vesical  origin.     A  careful  examination  for  the  presence 
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of  any  other  morphological  constituents  which  may  be  observed  in 
urinary  sediments,  when  considered  in  conjunction  with  the  clinical 
symptoms,  will  usually  lead  to  a  correct  diagnosis  so  far  as  the  seat 
of  the  hemorrhage  is  concerned.  Hematuria  of  vesical  origin  may 
be  due  to  numerous  causes,  among  which  may  be  mentioned  hemor- 
rhagic cystitis,  stone,  tuberculous  ulceration,  malignant  growths,  papil- 
loma, traumatism,  the  presence  of  parasites,  and,  more  rarely,  rupture 
of  varicose  veins  in  the  bladder.  In  determining  the  cause  of  the 
hemorrhage  in  a  given  case  more  reliance  should  be  placed  upon  the 
clinical  history  and  a  direct  examination  of  the  bladder,  than  upon 
the  urinary  examination. 

3.  In  hematuria  of  ureteral  origin  characteristic  blood  coagula, 
corresponding  in  diameter  and  form  to  the  ureters,  are  occasionally 
seen.  Their  presence,  however,  does  not  necessarily  indicate  that 
the  blood  has  come  from  the  ureters;  more  frequently  the  hem- 
orrhage will  be  found  to  be  due  to  disease  of  the  pelvis  of  the 
kidney. 

4.  The  diagnosis  of  hemorrhage  into  the  pelvis  of  the  kidney 
must  be  based  upon  the  clinical  symptoms  taken  in  conjunction  with 
the  results  of  a  urinary  examination.  In  nephrolithiasis  only  a  small 
number  of  red  corpuscles  is  usually  found,  which  is  important  from 
the  standpoint  of  differential  diagnosis.  In  renal  tuberculosis  hema- 
turia is  one  of  the  most  important  symptoms  and  not  infrequently 
the  first  which  attracts  the  attention  of  the  patient.  The  amount 
is  variable;  sometimes  the  bleeding  is  microscopic,  while  in  others 
almost  pure  blood  is  passed.  It  is  usually  intermittent,  the  periods 
of  bleeding  lasting  from  one  hour  to  several  weeks,  the  average  l>eing 
three  days.  Late  in  the  disease  it  is  usually  less  in  amount,  but  apt 
to  be  almost  continuous.  As  a  rule  the  urine  and  blocxl  are  intimately 
mixed.  Clotting,  however,  may  occur  in  the  bladder  and  the  [>elvis 
of  the  kidney. 

5.  Hematuria  of  purely  renal  origin  is  of  common  cxicurrence,  and 
may  be  due  to  numerous  causes.  In  simple  hy[>eremic  conditions  of 
the  organs  and  in  hemorrhagic  nephritis  the  passage  of  smoky-looking 
urine  containing  blood  corpuscles,  usually  in  large  numl>ers,  is  thus  a 
fairly  constant  symptom.  In  chronic  nephritis  the  numl>er  of  the 
red  corpuscles  may  lje  taken  to  indicate  the  intensity  of  the  morbid 
process.  Hematuria  may  also  be  due  to  renal  abscess,  renal  tul>er- 
culosis,  malignant  growths,  stone,  and,  in  rare  instances,  to  aneurj'sm 
and  embolism  of  the  renal  arter}',  thrombosis  of  the  renal  vein,  papil- 
loma of  the  pelvis,  etc.  In  the  malignant  forms  of  the  acute  infectious 
diseases,  such  as  small[KJx,  yellow  fever,  malaria,  etc.,  in  scurvy, 
hemophilia,  and  purpura,  in  leukemia,  filariasis,  and  distomiasis, 
renal  hematuria  is  a>mmon.  It  is  also  obser\'ed  in  cases  of  poison- 
ing with  turpentine,  carlx)lic  acid,  cantharides,  and  has  recently  also 
been  obser\'ed  in  several  convalescents  from  typhoid  fever  while  under 
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treatment  with  urotropin;  the  hematuria  ceased  with  the  discontinu- 
ance of  the  drug/ 

6.  Tunctional  Hematuria. — An  idiopathic  form  of  hematuria  has  also 
been  described,  in  which  hemorrhage  from  the  kidneys  occurs  with- 
out apparent  cause.  This  is  relatively  common.  Senator  speab  of 
it  as  renal  hemophilia.  It  has  repeatedly  led  to  errors  in  diagnoas 
and  more  particularly  in  connection  with  renal  tuberculosis,  as  it 
also  is  usually  unilateral.  The  amount  of  blood  is  very  variable, 
sometimes  only  microscopic,  at  others  excessive.  I  have  seen  three 
cases  of  this  kind  in  which  no  lesion  existed  which  could  be  made 
responsible  for  the  hemorrhage.  In  all  three  the  attacks  of  hematuria 
were  associated  with  anachlorhydria,  while  normal  values  were  found 
between  the  attacks.  Two  of  the  patients  were  males,  and  undoubt- 
edly neurasthenics.  The  third  was  a  hysterical,  chlorotic  female,  in 
whom  hematemesis,  pulmonary  hemorrhages,  and  melena  were  also 
at  times  observed. 

Hematuria  of  renal  origin  is  usually  recognized  without  mudi 
difficulty,  as  in  such  cases  tube  casts  bearing  red  blood  corpusdes, 
and  at  times  apparently  consisting  of  these. altogether,  as  well  as 
numbers  of  renal  epithelial  cells,  will  usually  be  found  upon  exami- 
nation. The  blood,  moreover,  is  intimately  mixed  with  the  urine, 
and  the  individual  corpuscles  have  mostly  lost  their  hemoglobin  and 
appear  as  mere  shadows.  The  clinical  history  should,  of  course, 
always  be  taken  into  consideration,  especially  in  determining  the  pri- 
mary cause  of  the  hemorrhage. 

Urine  containing  red  blood  corpuscles  is  always  albuminous,  so 
that  it  may  sometimes  be  difficult  to  decide  in  a  given  case  whether 
the  albumin  found  is  due  solely  to  the  presence  of  blood  or  whether 
the  hematuria  is  complicated  with  an  albuminuria  per  se.  Fre- 
quently it  is  possible  to  arrive  at  some  conclusion  by  comparing  the 
amount  of  albumin  with  the  number  of  the  red  corpuscles,  the  pres- 
ence of  a  large  amount  of  the  former  in  the  presence  of  only  a  small 
number  of  the  latter  indicating  that  the  albumin  is  not  altogether 
due  to  the  blood.  At  other  times  it  is  impossible  to  gain  information 
in  this  manner,  when  the  only  expedient  left  is  to  detennine  the 
(luantity  of  albumin  and  of  iron  separately,  and  to  ascertain  whether 
the  amount  of  iron  found  is  sufficient  to  combine  with  that  of  the 
albumin.  As  a  rule,  however,  the  presence  of  serum  albumin,  aside 
from  that  contained  in  the  blood  of  the  urine,  may  be  inferred  whenever 
tul)e  casts  are  present,  although  the  amount  can  only  l)e  estimated 
approximately  in  this  manner. 

Tube  Casts. — In  various  pathological  conditions,  and  it  is  claimed 
even  in  health,  curious  formations  are  seen  in  the  urine,  which  repre- 
sent molds  of  (lifi'erent  portions  of  the  uriniferous  tubules.     To  these 

'  (;rimth,  Milligan,  and  Forbes,  Brit.  Med.  Jour.,  June  29,  1901. 
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the  term  ivbe  caMs  or  urinary  cylinders  has  been  applied.  The  term 
"tube  casts,"  however,  is  not  altogether  appropriate,  as  it  is  applicable 
to  only  one  great  division  of  such  formations — L  <».,  to  those  con- 
sisting of  a  uniform,  transparent,  gelatinous  matrix,  to  which  other 
elements,  such  as  epithelial  cells,  red  blood  corpuscles,  leukocytes, 
and  salts  in  a  crystalline  or  amorphous  form,  may  accidentally  have 
become  attached — the  tube  casts  proper. 

From  these  the  so-called  "pseudocasts"  must  be  differentiated, 
a  pseudocast  l)eing  characterized  essentially  by  the  absence  of  a  uni- 
form matrix.  Closely  related  apparently  to  the  true  casts  are  the 
so-called  cyUndroids — i.  e,,  band-like  formations  which  resemble  the 
former  in  appearance,  and  like  these  may  carry  various  morpho- 
logical elements.  It  is  thus  necessary  to  distinguish  between  true 
casts,  pseudocasts,  and  cylindroids.  Of  these,  the  true  casts  are  the 
most  important.  They  may  be  divided  into  hyaline  and  waxy  casts, 
the  two  forms  being  readily  differentiated  by  the  fact  that  the  former 
readily  dissolve  in  acetic  acid,  while  the  waxy  casts  are  either  not 
affected  at  all  by  this  reagent,  or,  if  so,  at  least  not  so  rapidly.  The 
latter,  moreover,  are  more  strongly  refractive,  to  which  property  their 
waxy  appearance  is  due;  their  color  is  slightly  yellow  or  yellowish 
gray,  while  the  hyaline  casts  are  colorless  and  usually  very  pale  and 
transparent.^ 

Mode  of  Ezamination. — Unless  a  urine  can  be  examined  within 
a  few  hours  afer  being  voided,  it  is  well  to  add  a  small  amount  of 
chloroform,  so  as  to  guard  against  bacterial  decomposition.  The  use 
of  conical  glasses  is  unsatisfactory,  and  I  find  it  more  convenient 
to  keep  the  urine  in  well-stoppered  bottles.  Preserved  with  chloro- 
form it  will  keep  almost  indefinitely.  Where  a  centrifugal  machine 
is  available  the  specimen  can,  of  course,  l)e  examined  at  once.  As 
soon  as  a  sufficient  amount  of  sediment  has  been  obtained,  a  few 
drops  are  spread  on  a  slide  and  examined,  uncovered,  with  a  low 
power.  It  i^  essential,  however,  to  make  tufe  of  the  flat  mirror  and 
to  avoid  a  bright  light.  If  this  is  borne  in  mind,  no  difficulty  what- 
ever will  be  found  in  demonstrating  even  the  most  hyaline  specimens, 
though  they  may  be  present  in  very  small  numbers.  In  many  text- 
lK>oks  on  urinary  analysis  the  writers  speak  of  the  difficulty  attend- 
ing the  search  for  hyaline  casts,  and  the  advice  is  frequently  given 
to  color  the  preparations  with  a  drop  of  a  dilute  aqueous  solution  of 
iodopotassic  iodide,  or  of  some  other  staining  reagent,  such  as  gentian 
violet,  picrocarmine,  methylene  blue,  or  osmie  acid.  This  is  unneces- 
sary if  the  directions  just  given  are  strictly  followed.  If  a  I/right 
light  is  used,  however,  I  am  willing  to  admit  that  even  the  most 
experienced  examiner  may  l)e  unsuccessful  In  his  search. 

•  Rovida,  seo  .J.  Moleschott,  T'ntennichun^.  z.  XatnrieJirc  d.  Moni»chon  u.  d. 
Thiere,  1867,  vol.  xi,  I,  p.  182. 
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For  the  preservation  of  mounted  specimens  the  following  method, 
devised  by  Kronig,  may  be  employed,  though  I  personally  prefer  to 
keep  the  urine  itself  and  to  mount  a  fresh  specimen  when  necessaiy. 
A  drop  of  the  sediment,  best  obtained  by  centrifugation,  is  spread 
on  a  cover-glass  and  allowed  to  dry  in  the  air.  It  is  then  placed 
in  a  10  per  cent,  solution  of  formalin  for  ten  minutes,  rinsed  in 
water,  and  stained  for  about  ten  minutes  in  a  concentrated  solution 
of  Sudan  III  in  70  per  cent,  alcohol.  The  excess  of  stain  is  removed 
by  immersion  for  one-half  to  one  minute  in  70  per  cent,  alcohol, 
when  the  specimen  is  counterstained  with  Ehrlich's  hematoxylin, 
rinsed  in  water,  and  mounted  in  glycerin.  Evaporation  is  guarded 
against  by  ringing  the  specimen  with  asphaltum.  The  tul>e  casts 
are  thus  stained  a  more  or  less  pronounced  blue,  the  nuclei  of  the 
leukocytes  dark  blue,  and  any  fatty  granules  or  needles  of  fatty  acids 
that  may  be  present  a  bright  red. 

I  have  obtained  very  satisfactory  results  by  pouring  a  small  amount 
of  a  1  per  cent,  aqueous  solution  of  eosin  into  one  of  the  tubes  of  the 
urinary  centrifuge,  filling  up  with  urine  and  then  centrifugatinp. 
The  supernatant  fluid  is  poured  oflF  and  the  sediment  mixed  with 
Farrant's  solution;  the  specimens  are  finally  ringed  with  asphaltum 
and  keep  for  a  long  time.  The  hyaline  casts  appear  a  delicate  rose, 
while  the  fatty  casts  are  a  bright  vermilion  and  the  brown,  granular 
casts  a  reddish  brown.  Adhering  granules  or  cells  are  colored  a 
bright  red. 

Liebmann*  recommends  a  mixture  of  2  grams  of  methvlene  i>lue 
dissolved  in  100  c.c.  of  a  10  per  cent,  solution  of  fonnalin.  The 
urine  is  first  centrifugated,  the  supernatant  fluid  is  poured  off.  when 
a  few  drops  of  the  reagent  are  poured  on  the  sediment,  and  left  a 
few  minutes.  The  tul)e  is  filled  with  water,  left  for  awhile  for  the 
salts  to  dissolve,  then  centrifugated  again,  when  the  formed  elements 
are  ready  for  microscopic  examination. 

True  Casts.  Hyaline  Casts  (Plate  XX). — Upon  careful 
examination  it  will  he  seen  that  with  rare  exceptions  the  matrix  of 
hyaline  casts  is  not  altogether  homogeneous,  as  small  granules  may 
almost  always  be  detected  eml)edded  in  or  adhering  to  the  matrix.  As 
these  granules  occur  in  greater  or  less  numbers,  hyaline  casts  are 
spoken  of  as  being  finely  granular  (Plate  XX),  coarsely  granular, 
finely  dotted,  etc.  Should  true  morphological  elements  he  de- 
tected,  the  casts  are  tenned  blood  casts,  epithelial  aists,  or  pus 
casts  (Fig.  IGO).  It  would  be  l>etter,  how^ever,  to  add  the  tenn 
hyaline  in  every  instance,  so  as  to  distinguish  them  from  pstnulo- 
casts,  which  consist  of  these  elements  entirelv,  and  lack  a  uniform 
matrix.     It  would  thus  be  proper  to  speak  of  hyaline  epithelial  casts, 

^  Ilospitalsticlende  (ropenhapjen),  July  30  to  Augiist  20,  1902.     Ahst.  in  .lour. 
Anier.  Med.  Assoc,  Soptt'Uiber  20,  1902. 


PLATE  XX. 


Casts. 

a,  a,  waxy  castfl;  b,  8amc,  Ktained  with  eosin;  c,  c,  c,  hyaline  casU;  d,  same, 
ntained  with  eosin;  e,  r,  e,  brown  granular  casts;  /,  /,  coarsely  granular  casts; 
g,  epithelial  cast;  /,  !)loocl  cast,  stained  with  eosin.    (Low-power  picture,  I^eit*  3.) 
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lie  blood  casis,  etc.,  and  to  apply  the  collective  tenn — compound 
le  casts — to  these  various  subvarieties. 


le  nature  of'lhese  various  fonns  can  probably  always  W  made 
vithout  much  difficulty,  and  even  in  those  cases  in  which  the 


ne  matrix  is  apparently  concealed  benoalh  cellular  elements  it 
usually  be  possible,  upon  closer  observation,  to  detect  a  Rne 
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boundary  line  at  some  portion  of  the  structure.  Not  infrequently 
also  the  end  of  the  cast  will  be  seen  to  be  more  or  less  distinctW 
hyaline.  In  others,  again,  a  hyaline  zone  may  be  observed  along 
the  sides  of  a  central  organized  thread,  so  to  speak,  this  being  fr^ 
quently  seen  in  specimens  which  are  very  broad  and  long.  Should 
doubt  arise,  however,  a  drop  of  acetic  acid  is  added  to  a  drop  of 
the  sediment  on  the  slide;  the  acid  dissolves  the  hyaline  matrix, 
the  organized  constituents  are  set  free,  and  the  differential  diagnosis 
between  a  pseudocast  and  a  compound  hyaline  cast  is  thus  readilj 
established. 

The  length  of  hyaline  casts  varies  greatly.  It  may  scarcely  exceed 
the  breadth,  on  the  one  hand,  while,  on  the  other,  although  rarely, 
the  casts  may  traverse  the  entire  microscopic  field.  In  breadth 
they  vary  between  0.01  and  0.05  mm.  As  a  rule,  the  breadth  of 
a  cast  is  uniform  throughout  its  entire  length,  but  specimens  are 
not  infrequently  observed  in  which  one  end  tapers  considerably  and 
presents  a  spirally  twisted  appearance.  This  may  be  so  marked 
that  the  entire  cast  appears  transversely  striated.  It  is  generally 
supposed  that  this  results  from  the  adhesion  of  one  end  of  the  cast 
to  the  walls  of  a  tubule,  the  lumen  of  which  it  does  not  fill,  so  that  the 
free  end  becomes  twisted  in  the  downward  course.  A  dichotomous 
branching  of  one  end  is  also  at  times  seen  in  very  broad  hpline 
specimens. 

Fat  globules  are  frequently  found  upon  hyaline  casts  and  are  prob- 
ably derived  from  degenerated  epithelial  cells.  \Mien  present  in 
large  numbers  such  casts  are  termed  fatty  casts.  The  globules  are 
solui)le  in  ether  and  are  colored  red  by  Sudan  III.  (See  Tests  for  Fat.) 

Granules  of  melanin,  indigo,  and  altered  blood  pigment  may  also 
at  times  be  observed  in  casts. 

Regarding  the  mode  of  formation  of  the  hyaline  casts  it  is  now 
tliouijht  that  the  matrix  is  essentially  an  inflammatorv  exudate. 
formed  through  the  activity  of  the  morbidly  altered  epithelial  celk, 
and  subsequently  coagulated  in  the  tubules. 

Brown  (iranular  Ccvtts. — These  should  not  Ix?  confounded  with  the 
c()iii}X)und  hyaline  variety.     They  show  no  evidence  of  a  hyaline 
matrix  and  on  staining  with  eosin  they  are  colored  a  deep  brownish 
red.      (Plate    XX.)      Unstained     they    appear    brown.     They   are 
iniquestionably  composed  of  epithelial  cells  which  have   untlergone 
degeneration,  the  residual  material  being  then  packed  together  in 
cast  form.     They  are  quite  brittle  and  often  not  longer  than  they  are 
broad.     The  true  nature  of  these  small  masses  can  be  made  out  hv 
staining  with  eosin,  when  it  will  be  seen  that  they  stain  exactly  like 
the  larger  pieces  that  have  not  vet  broken  dow^n. 

The  waxi/  casts  may  be  divided  into  two  groups — true  w-axy  casts 
and  amyloid  casts;  but  as  the  latter  are  not  necessarily  indicative  of 
the  existence  of  amyloid  degeneration  of  the  kidneys,  such  a  classi- 
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fication  is  of  only  theoretical  interest.  They  are  readily  distinguished 
from  the  hyaline  casts  by  the  characteristics  mentioned  above — L  e., 
their  higher  degree  of  refraction,  their  yellow  or  yellowish-gray  color, 
and  the  fact  that  they  are  either  not  attacked  at  all  by  acetic  acid  or 
only  very  gradually.  Their  appearance  suggests  a  much  more  solid 
Dbject  than  the  hyaline  casts.  As  a  rule,  only  small  fragments  are 
found,  but  in  some  instances  very  long  casts  are  seen  and  occasionally 
I  have  found  such  long  casts  which  were  branching.  Some  of  these 
casts  at  times  present  a  peculiar  knotty  appearance.  With  eosin  the 
waxy  casts  are  colored  a  bright  vermilion,  while  hyaline  casts  show 
only  a  pink  color.  Waxy  casts  may  also  contain  cellular  elements, 
crystals,  and  amorphous  mineral  matter;  but,  as  a  rule,  such  compound 
casts  are  not  so  commonly  observed  as  are  those  of  the  hyaline  variety. 

As  has  been  seated,  some  waxy  casts  give  the  amyloid  reaction — i.  e,, 
they  assume  a  mahogany  color  when  treated  with  a  dilute  solution  of 
iodopotassic  iodide,  which  changes  to  a  dirty  violet  upon  the  addi- 
tion of  dilute  sulphuric  acid.  It  should  be  remembered,  however, 
that  this  reaction  in  casts  does  not  necessarily  indicate  the  existence 
of  amyloid  disease  of  the  kidneys,  as  the  reaction  may  be  absent  in 
this  condition,  and  present  where  amyloid  degeneration  does  not 
exist.  This  curious  phenomenon  is  usually  explained  by  assuming 
that  such  casts  have  remained  in  the  uriniferous  tubules  for  a  long 
time,  and  have  there  undergone  certain  chemical  changes  analogous 
to  the  so-called  "amyloid  metamorphosis"  of  old  precipitates  of 
fibrin.  Frerichs  has  pointed  out  that  fibrin  which  has  remained  in 
the  uriniferous  tubules  for  a  long  time  becomes  denser  and  yellowish 
in  appearance,  which  would  explain  the  fact  that  these  casts  are  only 
with  diflSculty  attacked  by  acetic  acid.^ 

The  waxy  casts,  like  the  brown  granular  casts,  are  ultimately  sup- 
posedly of  epithelial  origin. 

Before  leaving  this  subject  it  should  be  stated  that  "cast-like" 
formations  consisting  entirely  of  amorphous  urates  are  not  infre- 
quently encountered  in  urines,  and  according  to  Leube'  they  may  be 
obtained  from  any  urine  if  it  is  concentrated  in  a  vacuum  at  a  tem- 
perature of  37®  to  39®  C.  Students  frequently  regard  such  forma- 
tions as  coarsely  granular  casts,  an  error  which  may  be  guarded 
against  if  the  characteristics  of  hyaline  casts  set  forth  above  are 
borne  in  mind.     Such  structures  are  not  colored  by  eosin. 

Bacteria  (in  cases  of  infectious  pyelonephritis),  hematoidin,  and 
granular  detritus  frequently  occur  grouped  in  a  cast-like  manner; 
their  nature  is  readily  ascertained,  as  in  the  case  of  the  so-called 
urate  casts  just  described.' 

*  Ronda,  loc.  cit.  Kobler,  Wien.  klin.  Woch.,  1890,  vol.  iii,  pp.  531,  667, 
574,  576. 

»  Zeit.  f.  klin.  Med.,  1887  vol.  xiii. 

•  Bfartini,  Arch.  f.  kiln.  Cnir.,  1884,  vol.  xvi,  p.  157.  v.  Jaksch,  Deutsch.  med. 
Woch.,  1888,  vol.  xiii,  Nob.  40  and  41. 
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PsEUDOCASTS,  Consisting  of  epithelial  cells  or  blood  corpuscles  and 
fibrin,  are  not  often  found  in  urinary  sediments.  The  epithelial 
pseudocasts  are  probably  seen  only  in  cases  of  desquamative  nephritis, 
and,  unlike  true  casts,  are  hollow,  the  epithelium  of  the  urimferous 
tubules  being  thrown  off  en  masse.  Blood  casts  consist  of  fibrin, 
within  the  meshes  of  which  red  corpuscles  are  found;  these  either 
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Fic.  lOS.  -o  and  '/»,  cyliiuiroids 
from  the  urine  in  conKt^i^ted  kidney. 
(V.  Jaksch.) 


Fig.  169. — Mucous  cylinders. 


present  a  normal  appearance  or  occur  as  shadows,  owing  to  the  fact 
that  their  heinof];lol)in  has  been  dissolved.  They  are  seen  whenever 
extensive  heinorrlia^e  has  taken  place  in  the  renal  parenchyma,  and 
are  more  coininon  than  the  epithelial  pseudocasts. 

C'vLiXDRoiDS  (Fig.  1(><S)  resemble  hyaline  tube  casts  somewhat  in 
general  appearance,  but  differ  from  them  in  being  much  larger  and 
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hand-like.  Like  true  casts,  they  have  a  uniform  breadth,  and  are 
often  beset  with  crystals  and  cellular  elements,  such  as  leukocytes, 
red  corpuscles,  and  epithelial  cells.  They  are  readily  dissolved  by 
acetic  acid,  thus  differing  from  the  mucous  cylinders  or  pseudo- 
cylinders  (Fig.  169)  which  may  be  observed  in  any  urine  containing 
mucus;  the  latter  probably  never  contain  morphological  or  mineral 
constituents,  and  are  never  of  uniform  breadth  throughout  their 
ength.  The  cylindroids  proper  are  undoubtedly  of  renal  origin 
and  closely  related  to  true  casts;  formations  are  indeed  not  infre- 
quently seen  in  which  a  tube  cast  terminates  in  a  cylindroid  at  one 
or  both  ends.^ 

Glinical  Significance  of  Tube  Casts. — Formerly  the  occurrence  of 
tube  casts  in  urine  was  held  to  indicate  the  existence  of  nephritis. 
This  view  has  been  abandoned,  however,  for  the  same  reasons  which 
led  to  the  rejection  of  the  idea  that  albuminuria  invariably  indicates 
Bright's  disease  (see  above). 

The  statement  is  frequently  made  in  text-books  that  tube  casts 
may  occur  in  the  urine  of  perfectly  healthy  individuals,  following 
severe  muscular  exercise,  cold  baths,  etc. — in  short,  stimuli  which 
may  cause  the  appearance  of  albumin  in  apparently  normal  individ- 
uals. It  has  been  indicated  elsewhere  (see  Functional  Albuminuria), 
however,  that  such  stimuli  cannot  be  regarded  as  "physiological" 
in  every  instance,  and  the  ^presence  of  tube  casts  in  the  urine  similarly 
should  be  regarded  as  a  pathological  event?  This,  however,  does  not 
invalidate  the  now  generally  recognized  fact  that  a  small  number  of 
hyaline  and  granular  casts  can  be  demonstrated  in  the  centrifugated 
urine  of  many  people  who  are  to  all  intents  and  purposes  in  good 
health. 

It  is  not  necessary  in  this  connection  to  enumerate  the  various 
diseases  in  which  cylindruria  is  6bserved,  as  they  are  the  same  as 
those  which  give  rise  to  albuminuria;  and  just  as  a  nephrangiogenic 
albuminuria  is  more  frequently  observed  than  a  nephriiidogenic  albu- 
minuria, so  also  is  the  presence  of  tube  casts  in  the  urine  more  fre- 
quently due  to  circulatory  disturbances  than  to  nephritis.  In  every 
case  in  which  tube  casts  occur  in  the  urine  it  may  be  assumed  that 
the  accompanying  albuminuria  is,  to  a  certain  extent  at  least,  of  renal 
origin. 

Formerly  it  was  thought  possible  to  diagnosticate  the  character  of  the 
underlying  renal  disturbance  from  the  type  of  casts  found  in  the  urine. 
This,  however,  is  not  the  case.  While  generally  speaking  blood  and 
epithelial  cells  are  found  in  acute  and  granular  casts  in  chronic  pro- 
cesses, there  are  exceptions  so  numerous  that  it  would  not  be  safe  to 

•  Bizzozero,  loc.  cit.  Thomas,  Arch.  f.  Heilk.,  1870,  vol.  xi,  p.  130.  Po]lak 
u.  T6rdk,  Arch.  f.  exper.  Path.  u.  Pharmakol.,  1888,  vol.  xxv,  p.  87. 

»  Nothnagel,  Deutach.  Arch.  f.  klin.  Med.,  1874,  vol.  xii,  p.  326.  Burkhart, 
Die  Hamcyunder,  1884.    Fischel,  Prag.  Vierteljahrschr.,  1878,  vol.  cxxxix,  p.  27. 
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follow  such  a  rule.  It  is  remarkable  to  see  the  large  number  and  the 
many  varieties  of  casts  which  may  be  found  in  the  urine  during  the 
first  twenty-four  to  forty-eight  hours  after  anesthesia,  and  to  ob^rve 
how  rapidly  they  may  disappear,  no  evidence  remaining  whatsoever 
that  the  renal  parenchyma  has  shortly  before  been  seriously  taxed. 

Cabot  has  recently  pointed  out  the  lack  of  correspondence  between 
the  clinical  diagnosis  of  renal  disease,  as  based  upon  urinaiy  examina- 
tion and  the  pathological  findings,  and  has  given  expression  to  what 
many  clinicians  have  previously  realized,  viz.,  that  neither  the  diag- 
nosis nephritis  nor  the  type  of  the  renal  disturbance  can  usuaUy  he 
made  with  certainty  in  the  laboratory.  My  own  experience  has  led 
me  to  the  conclusion  that  so  far  as  cylindruria  is  concerned  the  con- 
tinued presence  of  hyaline  and  granular  casts,  especially  of  the  dark- 
brown  variety,  is  a  symptom  of  greater  gravity  than  the  temporarr 
occurrence  of  the  other  types.  Hyaline  casts  per  se  are  found  under 
the  most  diverse  conditions.  Almost  any  renal  disturlmnce,  whether 
temporary  or  permanent,  leads  to  their  appearance.  Their  number 
is  sometimes  most  remarkable,  notwithstanding  the  fact  that  no  per- 
manent renal  damage  has  been  done.  Finely  dotted  and  finely 
granular  casts  are  generally  present  at  the  same  time. 

As  the  granular  cast  is  generally  viewed  as  a  hyaline  cast  which 
has  been  retained  in  the  tubules  for  a  longer  time,  and,  as  a  result, 
has  undergone  changes  leading  to  its  granular  appearance,  it  mi^t 
be  inferred  that  in  many  temporary  disturbances  this  t\^  is  not 
found.  In  a  general  way  this  is  true,  but  the  occasional  finding  of 
granular  casts  only  should  not  lead  to  the  diagnosis  of  a  chronic  dis- 
turhanee.  They  also  can  appear  quite  suddenly  and  disap|>ear  almost 
as  rapidly. 

Epithelial  casts  and  blood  casts  are  met  with  in  acute  processes  or 
in  acute  exacerbations  of  chronic  processes. 

Waxy  casts  always  indicate  a  chronic  or,  at  least,  a  subacute  pro- 
cess. The  fattv  casts  descriljed  by  Knoll  anti  v.  Jaksch  **are  most 
commonly  associated  with  subacute  or  chronic  inflammations  of  the 
kidney  of  })rotracted  course,  with  a  tendency  to  fatty  degeneration 
of  the  renal  tissue.     Postmortem  examination  has  shown  that  thev 

• 

form  most  frequently  in  cases  of  large  white  kidney.  In  some  cases 
in  which  they  were  present,  however,  the  orgjin  was  found  to  l)e  more 
or  less  contracted ;  but  when  this  was  so,  it  was  invarial)lv  far  advanced 
in  fatty  degeneration.^'     (v.  Jaksch.) 

It  has  been  stated  that  from  an  examination  of  the  renal  epithelial 
cells  it  is  often  possible  to  determine  whether  an  inflammatory  pro- 
cess affecting  the  kidneys  is  at  the  same  time  complicated  with  de- 
generative changes.  As  a  matter  of  fact,  the  cells  found  on  the  tul^e 
casts  under  such  conditions  no  longer  present  a  normal  appearance, 
but  are  shrunken  and  atrophied,  and  in  cases  of  fatty  degeneration 
studded  with  fatty  granules. 
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The  occurrence  of  pius  casts  presupposes  the  existence  of  suppura- 
tive inflammation  in  the  kidneys,  while  the  presence  of  only  a  small 
numl)er  of  leukccvtes  on  hvaline  casts  mav  be  obsened  in  the  ordi- 
nary  forms  of  nephritis,  and  particularly  in  the  acute  fonn. 

Cylindroids  are  present  whenever  hyaline  casts  are  seen,  and  have 
essentially  the  same  import.  They  are  said  to  occur  most  frequently 
in  the  urine  of  children. 

So  far  as  the  c*onstancy  is  concerned  with  which  tul^e  casts  occur 
in  the  urine  in  nephritis,  it  is  well  known  that  in  the  chronic  inter- 
stitial form  of  the  disease,  they,  as  well  as  albumin,  are  frec|uently 
al)sent  for  a  lon^  time,  so  that  it  may  only  \ye  possible  to  make  the 
diagnosis  from  the  clinical  history  and  the  physical  si<^ns.  It  is  a 
well-known  fact,  moreover,  that  pathological  alterations  of  the  kid- 
neys, particularly  in  men  past  middle 
age,  are  obsen^ed  again  and  agsiin 
in  the  postmortem  nxjm,  where  a 
previous  examination  of  the  urine 
showeed  no  evidence  of  the  exist- 
ence of  renal  disease.  In  the  acute 
and  sul>acute  forms  of  nephritis,  as 
well  as  in  the  ordi  nan-  parenchy- 
matous form,  tul^e  casts  are  proi>- 
ablv  alwavs  found,  and  it  would 
further  appear  that  acute  circulator}- 
disturl^ances  affecting  the  renal  par- 
enchjTna  quite  constantly  lead  to 
both  albuminuria   and  cvlindruria. 

Within  recent  vears  attention  has 
been  repeatedly  called  to  the  occa- 
sional occurrence  of  cvlindruria  without  albuminuria.  Xothnagel 
first  noticed  this  in  a  ca-jc  of  icterus.  Liithje  observed  the  same  after 
administering  salicylic  acirl  and  Stewart  has  drawn  attention  to  its 
occurrence  in  the  early  >tajres  of  chronic  nephritis.  I  h'd\e  obser\ed 
the  same  after  the  administration  of  ether. 

Spermatozoa. — Sfiermato7>Ki,  for  a  description  of  which  the  rearler 
Is  referred  to  the  chapter  on  the  Semen,  an*  frecjuently  ob.ser\'ed  in 
the  urine  of  healthv  adults,  and  are  quite  crjnstantlv  met  with  in  the 

m  I  • 

first  urine  [>asse<l  after  roitus  or  nr>ctumal  emissions,  when  their 
presence  is,  of  ci>iirse,  of  no  si^rnifir^jince    Fig.  170». 

In  females  semen  mav  U*  foimd  in  the  urine  when  the  external 
genitals  have  lieen  jiolliitrfl  during  or  aft^r  coitus,  as  well  as  in  the 
exceptional  case<  in  which  r-r nmi'r-tion  has  U-en  effecterl  by  the  urethra. 
From  a  me*licr>|f-gjil  .-»tand[Kiint  th<*  div^>ver\'  of  s|M.*nnatozria  in  the 
urine  of  women  may  l^  of  gn-at  imixirtanc-e,  but  otherwise  it  is  with- 
out -significancf. 

In  pathologir^al  c^>nditions  s[i<-nfiat07/ia  arc:  not  infrer^uently  found 


rriiiNi/'A.  corjrfira  AiuylacHMi,  and  ivcULin 
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in  the  urine.  In  cases  of  obstinate  constipation,  owing  to  pressure 
of  hard,  scybalous  masses  upon  the  seminal  vesicles,  a  partial  evacu- 
ation of  semen  may  occur.  Horowitz  has  pointed  out  that  a  dis- 
charge of  semen  may  be  noted  in  cases  of  peri-urethral  abscess  with 
perforation  into  the  ejaculatoiy  ducts,  giving  rise  to  spermatocysliHt, 
the  condition  being  due  to  a  tight  stricture  of  the  urethra  with  dila- 
tation beyond  the  constricted  portion,  I  have  observed  a  case  of 
cystitis  in  which  spermatozoa  could  almost  always  be  detected  in  die 
urine.  An  operation  revealed  a  tight  stricture  of  the  urethra  and  a 
sacculated  bladder;  the  constant  passage  of  semen  was  apparently 
owing  to  the  irritating  action  of  the  ammoniacal  urine.  In  die  urine 
voided  during  and  after  epileptic  and,  more  rarely,  hystero-epileptic 
seizures  spermatozoa  may  be  found.  Such  an  event  is  imdoubtediv 
due  to  muscular  spasm,  and  is  identical  in  origin  with  the  emission  of 
semen  observed  so  frequently  in  the  death  agony,  and  during  strangu- 
lation. 

In  certain  spinal  diseases  semen  may  be  found  in  the  urine,  and 
Furbringer  relates  a  case  in  which,  following  fracture  and  dislocation 
of  the  vertebral  column,  with  partial  destruction  of  the  middle  dorsal 
cord,  spermatorrhea  associated  with  partial  erection  occurred  thirty 
hours  later,  and  continued  until  death,  which  took  place  after  three 
days. 

More  important  is  the  loss  of  semen  noted  in  cases  of  true  sperma- 
forrh^a  due  to  venereal  excesses  or  masturbation,  when  spermatozoa 
may  be  found  almost  constantly,  and  the  diagnosis  indeed  will  often 
be  dependent  upon  such  an  observation. 

So  far  as  the  question  of  sterility  in  the  male  is  concerned,  reliance 
should  not  he  placed  upon  an  examination  of  the  urine,  but  the  semen 
should  be  obtained  as  soon  as  possible  after  ejaculation,  and  exam- 
ined as  indiaited  elsewhere. 

Parasites.     Vegetable  Parasites. — It  has  been  shown  by  numerous 
investigations  that  bacteria  are  always  present  both  in  the  male  and 
female  urethra,  and  that  they  may  at  times  gain  entrance  to  the 
bladder.     The  weight  of  evidence,  however,  is  in  favor  of  the  ^'iew 
that  the  urine  ijitra  vesieam  is  under  normal  conditions  free  from 
microorganisms,  and  that    bacteria   which  may  have  found  their 
way  into  the  bladder  are  rapidly  killed  in  healthy  individuals.    In 
every  urine,  on  the  other  hand,  that  has  been  exposed  to  the  air, 
bacteria  are  always  present.     Whenever,  then,  it  is  desired  to  deter- 
mine whether  or  not  the  urine  of  the  bladder  contains  microorgan- 
isms, every  precaution  should  be  taken  to  guard  against  accidental 
contamination.      To  this  end  the  following  method  should  be  em- 
ployed: If  the  patient  is  a  male,  he  is  instructed  to  hold  his  urine 
until  a  fairly  large  amount  has  accumulated.     The  glans  is  then 
thoroughly  washed  with  soap  and  water,  and  further  cleansed  with 
cotton  soaked  in  mercuric  chloride  solution  (1  to  1000).     The  fossa 
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navicularis  is  also  thorpugly  cleansed  with  the  same  solution.  The 
urine  is  then  voided  under  as  great  pressure  as  possible.  The  first 
portion  (about  100  c.c.)  is  thrown  away,  and  the  second  received  in 
a  sterilized  vessel,  when  cultures  should  be  made  at  once,  agar  or 
gelatin  plates  being  inoculated  with  1  or  2  c.c.  of  the  urine.  In 
the  female  the  vulva  is  cleansed  with  soap  and  water,  and  the  urethral 
aperture  disinfected  with  bichloride  solution.  After  then  washing 
with  sterilized  water  and  drying  with  sterilized  cotton  the  urine  is 
evacuated  through  a  sterilized  metallic  or  glass  catheter,  and  received 
in  a  steriUzed  vessel.  Brown  describes  the  method  which  is  in  use 
in  Dr.  Kelly's  department  at  the  Johns  Hopkins  Hospital  as  follows: 
The  external  urethral  orifice  being  carefully  cleansed  with  mercuric 
chloride  solution,  followed  by  sterile  water,  a  sterilized  glass  catheter, 
whose  external  end  is  covered  by  a  sterile  rubber  cuff,  extending 
several  centimeters  beyond  the  end  of  the  catheter,  is  introduced, 
the  fingers  of  the  operator  being  allowed  to  touch  only  the  distal  end 
of  the  rubber  cuff.  The  urine  is  allowed  to  flow  for  a  short  time, 
when  the  rubber  cuff  is  pulled  off  by  traction  on  its  distal  end.  A 
small  amount  of  urine  is  then  collected  in  a  sterile  test-tube,  and 
the  cotton  plug  immediately  inserted.  Brown  states  that  an  extended 
series  of  experiments  with  normal  urines  has  shown  that  this  method 
is  absolutely  reliable.^ 

Of  the  bacteria  which  may  be  found  in  every  urine  that  has  been 
exposed  to  the  air,  the  Micrococcus  urece  is  of  special  interest,  as  anmio- 
niacal  fermentation  is  largely  due  to  its  presence.  When  fermenta- 
tion has  conmienced,  it  is  readily  recognized,  occurring  in  almost 
pure  culture  upon  the  surface  of  the  urine,  mostly  in  the  form  of 
characteristic  chains.  The  individual  coccus  is  colorless  and  quite 
large,  so  that  it  may  be  mistaken  by  beginners  for  a  blood  shadow. 

It  is  a  common  error  to  infer  from  the  occurrence  of  ammoniacal 
decomposition  very  soon  after  micturition  that  this  process  has  already 
begun  in  the  bladder.  It  should  be  remembered  that  urine  may  un- 
dergo fermentation,  particularly  in  warm  weather,  shortly  after  having 
been  voided,  and  especially  if  the  vessel  employed  is  not  perfectly 
clean  and  the  urine  has  been  exposed  to  the  air.  The  diagnosis  of 
anmioniacal  fermentation  in  the  bladder  should  hence  only  be  made 
when  the  presence  of  ammonia  can  be  demonstrated  in  the  urine 
immediately  upon  being  voided. 

Under  pathological  conditions  various  pathogenic  bacteria  may  be 
found  in  the  urine.  Their  presence  usually  indicates  the  existence 
of  definite  changes  in  the  renal  parenchyma,  although  these  changes 
are  not  necessarily  of  an  inflammatory  character.  Pyogenic  cocci 
are  especially  prone  to  settle  in  the  kidneys,  and  there  give  rise  to 
focal  inflammations;  but  even  in  the  absence  of  such  lesions  they  are 

*  T.  R.  Brown,  loc.  cit. 
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frequently  found  in  the  urine.  In  all  fonns  of  infectious  nephritis 
an  abundant  elimination  of  bacteria  may  generally  be  observed. 
Von  Jaksch  states  that  in  erysipelas  the  bacteriuria  and  nephritis 
disappear,  together  with  the  cessation  of  the  disease,  and  in  various 
suppurative  processes  taking  place  in  the  body  the  specific  bacteria 
disappear  from  the  urine  within  twenty-four  to  forty-eight  hours 
after  evacuation  of  the  pus. 

Most  interesting  observations  on  the  occurrence  of  bacteria  in  the 
urine  of  nephritic  patients  have  been  reported  by  Engel:  31  cases 
were  examined.  In  16  the  Staphylococcus  albus  and  aureus  were 
found,  in  8  pyogenic  streptococci,  in  4  the  tubercle  bacillus,  in  5  the 
Bacillus  coli  communis,  and  in  1  the  typhoid  bacillus,  while  negative 
results  were  obtained  in  only  2  instances.  In  the  same  series  Engel 
also  found  a  pyogenic  coccus  in  17  cases.  This  coccus  was  larger 
than  the  known  forms;  it  could  be  stained  according  to  Gram's 
method,  and  did  not  liquefy  gelatin.  Intravenous  injections  of  large 
numbers  of  the  organism  caused  nephritis  in  rabbits. 

In  pneumonia  and  pneumococcus  infections  in  general  the  conv- 
sponding  diplococcus  may  be  found,  and  in  erj^sipelas  and  strepto- 
coccus infections  streptococci.  In  scarlatina  streptococci  Jiave  been 
found  in  a  large  percentage  of  cases;  the  urine  was  then  more  often 
albuminous  than  non-albuminous. 

In  cases  of  pyeUtis  the  colon  bacillus  is  very  frequently  met  with. 
It  is  usually  present  in  pure  culture,  but  may  l)e  associated  witli  other 
organisms,  notably  the  Proteus  vulgaris  and  staphylococci.  The>e 
latter  may,  however,  also  be  met  with  in  pure  culture. 

In  renal  tuberculosis  the  corresponding  bacilli  ap{)ear  very  early 

and  are  always   present  in    the  pus  and   debris.     The   search  for 

them  is  usiiallv  verv  tedious,  and  small  numbers  onlv  are  found,  Init 

at  times  tliev  are  very  numerous.     To  demonstrate  their  presence  the 

urine  is  allowed  to  settle  for  twelve  hours.     Slides  are  prepare<l,  which 

must  he  free  from  fat.     To  this  end  thev  are  boiled  for  thirtv  uiinuies 

in  a  strong  solution  of  caustic  soda  and  then  washed  for  an  equal 

length  of  time  in  running  water,  after  which  they  are  wiped  dn'. 

Two  drops  of  the  sediment  are  phiced  on  each  one  of  six  slides.    They 

are  placed  on  a  frame  some  ten  inches  al)Ove  a  Bunsen  burner,  which 

is  ke])t  h)w,  so  as  to  ensure  slow  evaporation.     AVhen  thoroughly  diy 

tliey  are  fixed  by  passing  through  the  flame  of  the  burner  and  placed 

for  five  minutes  in  a  5  per  cent,  acid  (HCl)  alcohol  to  dissolve  the 

urinary  sahs.     After  washing  in  water  the  specimens  are  then  stained 

as  usual.     Usinjj  (labhett's  method  thev  are  stained  for  ten  minutes 

* 
with  the  carbol  fnchsin  sohition  and  then  decolorized  with  the  acid 

methylene  blue.  If  but  little  pus  is  present  the  urine  may  l)e  cen- 
trifugal i  zed. 

Using  the  above  method  Walker  states  that  he  could  demonstrate 
tubercle  bacilli  in  each  case  in  which  tuberculosis  wasaftenvard  found. 
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In  doubtful  cases  animal  inoculation  should  be  practised.  The 
urine  is  received  by  the  catheter  into  a  sterile  bottle,  the  first  portion 
being  allowed  to  escape.  After  twelve  hours  the  supernatant  fluid 
is  poured  off  and  the  sediment  drawn  into  a  sterile  hypodermic  syringe. 
The  material  is  injected  into  the  subcutaneous  tissue  of  the  back  of 
a  guinea-pig.  If  tubercle  bacilli  are  present  tuberculosis  should 
develop  in  from  three  to  five  weeks,  but  may  occur  even  after  two 
weeks. 

Intraperitoneal  injections  may  also  be  practised,  although  one  is 
more  apt  to  lose  the  animals  from  incidental  infections  l)efore  tuber- 
culosis may  l^ecome  manifest.  It  is  said  that  such  secondary  organ- 
isms may  l)e  eliminated  by  heating  the  material  for  ten  minutes  at 
60°  C.  The  appearances  seen  at  autopsy  are  very  characteristic. 
The  spleen,  lymph  glands,  and  liver  show  marked  lesions.  In  cases 
where  death  occurs  rapidly  (in  two  weeks)  miliary  tubercles  will  l)e 
seen  all  over  the  liver  and  spleen,  while  the  lymph  glands  are  only 
moderately  enlarged.  In  less  active  cases  the  lymphatic  picture  is 
most  pronounced;  axillary,  cervical,  and  peritoneal  glands  are  very 
much  enlarged  and  the  spleen  may  be  transformed  into  one  huge, 
caseating.  mass. 

On  repeated  occasions  smegma  bacilli  have  been  mistaken  for 
tubercle  bacilli.  They  are  quite  common  and  especially  met  with 
in  women;  this,  however,  only  in  non-catheterized  specimens. 
Greenbaum  states  that  after  thoroughly  wiping  the  meatus  and 
introducing  a  sterile  catheter  he  never  found  them. 

In  the  male  confusion  with  the  smegma  bacillus  is  less  likely  to 
occur,  and  if  pains  are  taken  to  wash  the  glans  and  to  irrigate  the 
urethra,  as  advised  by  Young  and  Churchman,*  it  may  l)e  eliminated 
altogether  as  a  disturbing  factor.  To  this  end  the  following  technique 
is  recommended:  The  foreskin,  if  present,  is  rolled  bacrk  and  held 
back  by  the  patient.  The  glans  is  thoroughly  scrubl)ed  with  soap  and 
water.  This  must  l)e  done  with  great  care,  using  very  large  amounts 
of  water  for  the  rinsing.  An  irrigator  is  filled  with  sterile  water  and 
the  nozzle  attached.  ITiis  is  made  from  a  piece  of  small-calil>er  glass 
tubing  with  a  circumference  of  a  15  F.  sound  and  al)OUt  seven  and 
one-hiilf  inches  long.  The  sharp  edges  of  one  end  are  n)unded  l)y 
fusing  in  the  Bunsen  flame.  The  other  end  is  inserted  into  a  piece  of 
rubl)er  tubing  of  the  proper  diameter  to  make  a  snug  fit.  'ITie  glass 
tube  is  pushed  into  the  rubber  tul>e  al)out  one  incrh,  leaving  alK>ut 
six  and  a  half  inches  free.  A  rubl^er  guard  (conveniently  made  from 
one-half  of  a  rubber  Imll)  is  fitted  snugly  over  the  rublxjr  tubing  near 
its  end,  alx)ut  six  and  one-half  inches  fn>in  the  fore  end.  The  nozzle 
is  connected  with  the  tul^e  of  an  ordinarj'  irrigator,  hung  high  enough 
to  give  a  good  pressure,  the  patient  lx»ing  instnicted   to  keep  his 

'  Anricr,  Jour,  Med,  Sci.,  July,  lOO.*!,  p.  52. 
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sphincter  urethrse  closed  during  the  procedure.  The  water  is  then 
allowed  to  flow,  the  glans  and  meatus  well  rinsed  with  it,  and  the  nozzle 
gradually  inserted  and  passed  back  to  the  triangular  ligament  (the 
tube  is  long  enough  to  reach  this),  the  stream  flowing  constantly  during 
its  insertion  and  withdrawal.  A  quart  of  irrigating  fluid  is  used. 
(Young  and  Churchman.) 

Whether  any  reliable  staining  method  exists  whereby  the  smegma 
bacillus  can  be  definitely  distinguished  from  the  tubercle  bacillus 
seems  doubtful.  Trudeau  suggests  staining  in  the  usual  way  with 
carbol  fuchsin,  to  decolorize  with  25  per  cent,  nitric  acid,  then  to 
wash  and  place  the  specimens  for  two  minutes  in  95  per  cent,  alcohol, 
and  to  counter-stain  with  blue.  But  he  states  that  he  does  not  find 
any  method  reUable  in  all  cases  and  in  doubtful  cases  advises  inocula- 
tion of  a  guinea-pig. 

Of  great  interest  is  the  frequent  occurrence  of  the  typhoid  bacillus 
in  the  urine  of  typhoid-fever  patients.  Bouchard^  in  1881  drew 
attention  to  the  eUmination  of  the  bacillus  through  this  channel,  and 
stated  that  he  was  able  to  demonstrate  its  presence  in  50  per  cent, 
of  his  typhoid-fever  cases.  Other  observers  were  less  successful,  bui 
with  improving  technique  and  more  general  investigation  a  larger 
number  of  positive  results  is  being  obtained  every  year.'  At  the 
present  time  it  may  be  said  that  the  typhoid  bacillus  can  be  found  in 
the  urine  of  from  20  to  30  per  cent,  of  all  typhoid-fever  patients. 
The  organism  usually  appears  in  the  second  or  third  week  of  the 
disease,  and  may  persist  for  months  and  even  years.  When  presem 
it  usually  occurs  in  pure  culture,  and  often  the  bacilli  are  so  numerous 
as  to  render  cloudy  a  freshly  voided  specimen  of  urine.  Symptoms 
of  cystitis  and  marked  renal  involvement  often  occur,  but  in  a  consid- 
erable  number  of  cases  there  are  no  indications  of  local  disease.  The 
elimination  of  the  organism  in  the  urine  is  of  no  prognostic  signiticanci-, 
but  is  important  from  the  standpoint  of  prophylaxis.  Of  special 
interest  is  the  fact  that  the  organism  may  at  times  be  found  in  the 
urine,  although  the  patient  is  not  the  subject  of  typhoid  fever  at  the 
time.  Brown^  thus  reports  the  case  of  a  woman  in  whom  a  cystitis 
developed  on  the  ninth  day  following  an  abdominal  operation,  and 
in  whom  it  was  thought  that  the  typhoid  Ixicillus  was  accidentally 
introduced  by  the  catheter.  The  patient  had  had  typhoid  fever 
thirty-five  years  previously.  Young*  gives  the  histor\'  of  a  patient 
in  whom  cystitis  developed  during  an  attack  of  typhoid  fever,  owing 
to  infection  with  the  typhoid  bacillus.  The  organism  could  still  be 
demonstrated  in  the  urine  after  several  years.     A  double  infection 

»  Rev.  de  m^'d.,  1<S81,  p.  671. 

2  VoT  an  account  of  the  literature,  see  T.  U.  Brown,  "Cystitis  due  to  the  Typhoid 
HiiciUus,"  etc.,  Med.  Record,  March  10,  1900. 

^  Loc.  cit. 

*  "  Chronic  Cystitis  due  to  the  Bacillus  Typhosus,"  Manland  Med.  Jour.,  Nov., 
1901,  p.  456. 


PLATE  XXI 


thral  Discharge  from  a  Case  of  Gonorrhea,  fthowiny  Conococci   Enclo«»ecl   in 
Pus  Corpuscles  and  Lying  Free  in  ihe  Dif>charge-    Stained  with 
Methylene  Blue.    ^'Perw^^nul  Obn^rvation.; 
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with  the  gonococcus  subsequently  occurred,  and  four  months  later 
typhoid  bacilli  and  gonococci  were  both  present  in  considerable 
numbers.  Cystoscopic  examination  showed  a  chronic  ulcerative 
cystitis.  Two  additional  cases  of  chronic  cystitis  due  to  the  typhoid 
bacillus  are  reported. 

The  bacillus  may  be  isolated  and  identified  according  to  the  usual 
methods.     (See  Blood  and  Feces.) 

In  cases  of  paratyphoid  fever  the  corresponding  bacilli  may  be 
found  in  the  urine. 

Gonococci  may  be  found  in  urinary  sediments  enclosed  in  pus 
ceUs,  and  can  be  demonstrated  by  preparing  smears  and  staining 
with  a  basic  dye  or  with  the  eosinate  of  methylene-blue  solution. 
In  the  so-called  gonorrheal  threads  they  can  often  be  found  years 
after  the  infection  (Plate  XXI). 

In  cases  of  bubonic  plague  Kitasato's  coccobacillus  may  be  found 
in  the  urine. 

In  cases  of  cystitis  a  great  variety  of  microorganisms  has  been 
met  with  in  the  urine.  Among  the  more  important  may  be  men- 
tioned the  Staphylococcus  aureus,  albus,  and  citreus,  streptococci, 
the  Bacillus  coU  conmiunis,  the  Bacillus  pyocyaneus,  the  Bacillus 
typhosus,  the  Proteus  vulgaris,  the  gonococcus,  etc.  In  many  cases 
of  cystitis  organisms  are  found,  moreover,  which  are  apparently  non- 
pathogenic, and  are  capable  of  causing  the  formation  of  hydrogen  sul- 
phide from  certain  sulphur  bodies  of  the  urine.     (See  Hydrothionuria.) 

In  conclusion,  reference  should  be  made  to  the  occasional  occuiv 
rence  of  a  form  of  bacteriuria  which  is  not  associated  with  any  patho- 
logical process,  and  has  hence  been  termed  idiopathic  bacteriuria. 
Of  its  causation  and  significance  nothing  is  known,  but  it  is  pos- 
sible that  in  these  cases  a  few  bacteria  enter  the  bladder  either  through 
the  anterior  rectal  wall  or  are  eliminated  through  the  kidneys  from 
the  blood  current.  Finding  a  suitable  medium  for  their  growth  in 
the  urine,  they  here  multiply  and  may  thus  be  constantly  present 
Of  late,  the  Bacillus  lactis  aerogenes  has  been  found  in  such  a  case. 
The  diagnosis  "idiopathic  bacteriuria"  should,  of  course,  only  be 
made  if  every  possible  source  of  contamination  of  the  urine  can  be 
definitely  excluded.* 

Urines  containing  bacteria  in  large  numbers  are  always  cloudy, 
and  usually  present  an  acid  reaction  when  voided  unless  cystitis 
exists  at  the  same  time.  Attention  is  directed  to  their  presence  by 
the  fact  that  such  specimens  cannot  be  cleared  by  simple  filtration. 

Actinomyces  kemeb  may  be  observed  in  the  urine  when  the  dis- 
ease in  question  has  attacked  the  genito-urinary  tract  or  when  the 
.  organism  has  found  its  way  into  the  urine  from  other  organs. 

^  Roberts,  "On  Bacflluria,"  TraoB.  Inteniat.  Med.  Cong..  London,  1881,  \'ol. 
ii,  p.  157.  Schottelius  u.  Reinhold,  Centialbl.  f.  klin.  Med.,  1886,  vol.  viu,  p. 
635.    RoflB,  Baumgarten's  Jahiesber.,  1891,  vol.  vi,  p.  360. 
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Yeast  cells  in  large  numbers  are  usually  only  seen  in  urines  con- 
taining sugar.  When  a  chemical  examination  has  not  been  made 
their  demonstration  will  be  of  importance,  as  suggesting  the  pos- 
sible existence  of  glucosuria. 

Molds  are  usually  seen  in  old  diabetic  urines  after  alcoholic  fer- 
mentation has  taken  place,  but  they  may  also  occur,  though  far  less 
frequently,  upon  the  surface  of  putrid  urines  that  have  contained 
no  sugar. 

The  urinary  sarcina  which  is  at  times  met  with  is  smaller  than 
the  sarcina  of  the  gastric  contents,  but  closely  resembles  it  in  appea^ 
ance.     It  is  of  no  clinical  significance. 

Animal  Parasites. — ^l^he  organism  which  Hassal  saw  in  a  urine 
that  had  been  "freely  exposed  to  the  air"  and  was  alkaline,  and 
which  he  termed  Bodo  urinarius,  was  in  all  probability  an  infusorial 
monad.  Salisbury  was  the  first  to  point  out  that  the  Trichamotuu 
vaginalis  of  Donn^  may  at  times  occur  in  the  bladder,  but  he  gave 
no  detailed  account  of  his  cases.  Kiinstler,  Marchand,  Miura,  and 
Dock  subsequently  reported  cases  in  which  flagellate  protozoa  were 
found,  and  modem  research  leaves  no  doubt  that  the  organisms 
described  by  these  observers  are  identical  with  the  trichomonas  of 
Donn^.  In  Miura's  case  the  habitat  of  the  parasite  was  the  urethra, 
and  an  examination  of  the  patient's  wife  revealed  the  presence  of 
similar  organisms  in  the  vagina.  Kiinstler's  case  was  one  of  pyelitis 
following  cystotomy.  Marchand's  patient  had  a  fistula  in  the  peri- 
neum followint^  suppuration  in  the  pelvis,  of  unknown  origin;  cystiti'' 
(lid  not  exist.  Dock's  case  was  associated  with  hematuria.^  Durinij 
the  past  few  years  I  have  seen  the  same  organism  in  several  cases. 
2  of  which  occurred  in  the  practice  of  Dr.  W.  M.  Lewis,  of  Balti- 
more. Most  of  them  were  women,  and  I  have  no  doubt  that  the 
parasite  found  its  way  into  the  bladder  from  the  vagina,  where  it 
could  he  demonstrated  in  2  instances.  Curiously  enough  a  his- 
tory of  hematuria  was  obtained  from  4  patients.  In  2  cases  the 
urine  contained  blood  at  the  time  of  the  examination.  In  1  ciise 
there  was  evidence  of  nephritis;  cystitis  did  not  exist.  The  nunii)er 
of  the  parasites  was  variable,  and  sometimes  quite  large. 

Biilz  observed  innumerable  amebas  in  the  turbid  urine  of  a  girl  the 
subject  of  phthisis,  which  he  described  as  being  of  larger  size  than 
the  Amoeba  coli.  Jiirgens  found  amebas  in  a  patient  suffering  with 
a  tuinor  of  the  bladder.  Wijuhoff  reports  their  presence  in  the  urine 
in  4  cases.  Posiier  cites  1  instance  and  Musgrave  and  Clegg  another, 
the  latter  a  case  of  hemorrhagic  cystitis. 

In  cases  of  l)ilharziasis  the  ova  of  the  parasite  (see  Blood)  are 
eucoinitered  in  the  urine  together  with  blood.  Sometimes  the  entire 
bulk  of  the  urine  is  blood-tinged,  but  more  often  only  the  last  few 

'  Amor.  Jour.  Med.  Sci.,  January,  1896. 
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«liops  contain  blood,  and  in  these  last  drops  the  eggs  of  the  parasite 
^will  also  be  found.     In  doubtful  cases  it  is  always  best  to  examine 
this  portion.    The  ^gs  are  readilv  seen  with  a  low  power.     (See 
Fig.  56.) 

Filaria  embrvos  mav  be  found  in  the  urine  in  cases  of  filarial 
chyluria.  They  should  be  looked  for  in  the  coagulum,  a  bit  of 
which  is  teased  out  and  pressed  between  two  slides. 

Billings  and  Miller*  have  reported  the  possible  occurrence  of  the 
Anguillula  aceti  in  the  urine,  in  cases  in  which  the  urine  is  collected 
in  bottles  that  had  contained  old  vinegar.  The  worm  very  closely 
lesembles  the  Anguillula  stercoralis.  Stiles  has  made  a  similar 
observation. 

Echinococcus  booklets  and  fragments  of  cysts  may  also  be  found, 
and  in  rare  instances  ascarides  find  their  way  into  the  urinary  pass- 
ages. Bothriocephalus  linguloides  (Leuckart)  was  found  in  the 
urine  in  a  case  occurring  in  Eastern  Asia.  Eustrongylus  gigas  is 
likewise  found  very  rarely.  Moscato  records  one  case  in  which 
cdiyluria  existed  at  the  same  time.  In  Clark's  case,  which  was 
reported  in  the  United  States,  the  passage  of  the  worm  was  accom- 
panied by  hematuria. 

Tumor  Particles. — ^Tumor  particles  are  so  rarely  seen  in  the  urine 
that  a  detailed  account  of  their  occurrence  may  be  omitted,  par- 
ticularly as  it  is  seldom  possible  to  base  the  diagnosis  of  tumor  upon 
the  presence  of  fragments  in  the  urine,  the  clinical  history  and  the 
physical  signs  being  usually  sufficient  to  reach  a  satisfactorj'  diagnosis. 
Foreign  Bodies. — Of  foreign  bodies  which  may  be  found  in  the 
urine  may  l>e  mentioned  particles  of  fat,  fibers  of  silk,  linen,  and 
wool,  etc.;  in  short,  material  the  presence  of  which  is  owing  to  the 
use  of  unclean  vessels  for  the  reception  of  the  urine.  Fecal  matter 
may  be  passed  by  the  urethra;  such  an  occurrence,  of  course,  always 
indicates  the  existence  of  an  abnormal  communication  between  the 
bowel  and  the  urinary  passages.  Hair  derived  from  a  dermoid  cyst 
may  similarly  lie  found.  In  hysteria  foreign  bodies  of  almost  any 
kind,  such  as  hair,  teeth,  fish-bones,  wood,  etc.,  and  even  snakes  and 
frogs,  may  be  shown  the  physician  as  having  been  passed  in  the  urine. 
I  had  occasion  to  examine  "gravel"'  "passed"  from  time  to  time  by 
a  hysterical  patient  in  large  amounts,  "every  attack  being  accom- 
panied by  agonizing  pains  shooting  down  into  the  lower  abdomen;" 
the  gravel  upon  examination  proved  to  be  mortar  obtained  from  the 
cellar  of  the  patient's  house. 

»  Trans.  Assoc.  Amer.  Phys.,  1902,  p.  161. 


CHAPTER   VIII. 
TRANSUDATES  AND  EXUDATES. 

In  health  the  so-called  serous  cavities  of  the  body  contain  veij 
little  fluid,  and  quantities  suflScient  for  analytical  purposes  can  dxa- 
mally  only  be  obtained  from  the  pericardial  sac.  In  pathologiol 
conditions,  on  the  other  hand,  large  accumulations  of  fluid  may  be 
observed,  not  only  in  the  serous  cavities,  but  also  in  the  areolar  con- 
nective tissue,  beneath  the  skin,  and  beneath  the  muscles.  WTkd 
due  to  circulatory  disturbances,  or  a  hydremic  condition  of  the  bk)od, 
such  accumulations  of  fluid  are  spoken  of  as  transudates,  while  the 
term  exudates  is  applied  to  similar  accumulations  of  inflammatoir 
origin. 

Clinically,  it  is  frequently  difficult  to  distinguish  between  trans- 
udates and  exudates,  and  large  ovarian,  pancreatic,  and  hydatid 
cysts,  as  well  as  cystic  kidneys,  may  at  times  be  mistaken  for  ascites. 
In  such  cases  a  careful  chemical  and  microscopic  examination  of 
the  fluid  in  question  may  be  of  value.  Very  frequently,  moreoTcr, 
it  is  possible  only  in  this  manner  to  determine  the  nature  of  the 
disease,  and  the  free  use  of  the  trocar  and  the  aspirating  needle  in 
diagnosis  cannot  be  too  strongly  advocated, 

TRANSUDATES. 

General  Characteristics. — ^l^ransudates  are  usually  serous  in  chiir- 
acter,  when  they  present  a  light  straw  color;  at  times,  however,  owing 
to  admixture  of  blood,  they  have  a  reddish  tinge,  and  are  then  said 
to  he  sanguineous;  in  rare  instances  they  are  chylous. 

Specific  Gravity. — The  specific  gra\ity  varies  somew^hat  according 
to  the  origin  of  the  fluid,  but  is  usually  lower  than  that  of  serous 
exudates  occurring  in  the  same  cavities — one  of  the  most  important 
points  of  difference  between  the  two  kinds  of  fluid.  Thus,  in  acute 
pleurisy  the  specific  gravity  of  the  exudate  is  usually  higher  than 
1.020;  and  in  chronic  pleurisy,  if  an  accumulation  of  pus  exists  at  the 
same  time,  higher  than  1.018,  reaching  even  1.030.  In  transudates 
into  the  pleural  cavity,  on  the  other  hand,  referable  to  circulatory 
disturbances,  for  example,  as  in  cases  of  hepatic  cirrhosis  or  cardiac 
insufficiency,  the  figures  obtained  are  usually  lower  than  1.015. 
Transudates  of  peritoneal  origin  similarly  present  a  specific  gravity 
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iraiying  between  1.005  and  1.015,  while  that  of  exudates  frequently 
r^eaches  1.030. 

As  the  chemical  composition,  in  so  far  as  the  mineral  cronstitiientH 
Bud  extractives  are  concerned,  is  practically  the  same  in  l>oth  classes 
^if  fluid,  the  difference  in  the  specific  gravity  ap])ears  to  l>e  essen- 
tially due  to  the  amount  of  albumin  present,  viz.,  senim  albumin  and 
aenim  globulin.     It  may  be  demonstrated,  as  a  matter  of  fact,  that 
exudates  contain  far  more  albumin  than  transudates,  the  amount 
varying  between  4  and  6  per  cent,  in  the  former,  as  coinf)ared  with 
1  and  2.5  per  cent,  in  the  latter.    The  largest  amounts  of  albumin 
in  transudates  are  found  in  those  of  pleural  origin,  while  in  edema 
not  more  than  1  per  cent,  is  usually  present. 

Reuss  suggests  the  following  formula  for  the  purpose  of  determining 
fiom  the  specific  gravity  the  amount  of  albumin  in  transudates  and 
exudates: 

E=l  (5—1000)  —2.8, 

in  which  E  indicates  the  percentage  amount  of  albumin  and  S  the 
specific  gravity  taken  by  means  of  an  accurate  urinometer. 

Subsequent  examinations  have  shown,  however,  tliat  this  forinulii 
19  not  applicable,  since  the  amount  of  albumin  is  not  stri<'tly  pn>i>or- 
tionate  to  the  specific  gravity. 

Since  the  use  of  Esbaeh's  albuminimeter  is  tr>tally  insuflfi<'iei)t  for 
this  purpose  Stnibell,  Keiss,  Strauss  and  Chajes,  and  Kngel'  sug- 
gest a  refractometric  examination,  which  deix-nds  essentially  uj>on  tlie 
amount  of  albumin  present,  but  even  with  this  metluid  the  results 
are  not  always  satisfaetorr.  Engel  lauds  it,  however,  nevertheless. 
An  analysis  of  his  data  follows: 

Pleura.  A  b<l«jUM*o .  Fer  ivtLrdi  uiu . 

Nephritic  transudatee  .      .1  3:^rj  ] .  :^j74  1 .  mW 

1  04  percent.  ().9H  [jer cent.  2  29  jjer c«Mit. 

Cachectic  transudateti  .         1  :^^85  1  :^^2  ]  :^3^ 

1 .59  per  cent.  1  .  42  ptur  Mriit.  2  29  iJtT  mmi. 

Static  traofiudatee  .      .         1  :^j92  1  H'd^  J  3405 

1   97  p>T  c»-nl.  2 .  29  jxt  «x*nt,  2  W  p^r  <i«;iit. 
Pleuritic  exudates  ...   1  ^544^ 

4  .  89  per  cent . 

PeritoDeal  €fxudau# 1  344.0 

4  K4  p<?r  c«,Mit . 

Pericardial  exudates ...  J  3400 

0  04  |ier  <;«;!it . 

The  upper  average  figures  indicate  tl*e  refra^rtometric  r-rjefiirient, 
and  the  figures  below  the  corresponding  amount  of  albumin,  as  ^cal- 
culated from  Reiss*  tables.  For  h  detailed  deh^-ription  of  the  method 
the  reader  is  referred  to  Keiss'  pajier.* 

*  Btrubdl.  Miiudi.  Hied.  \VoWi*fiiM<;li..  IWftJ.  p  010.  Fteiw-.  Anrh  f.  «'xper. 
Pathol,  aod  Phmnuak.  vol.  I:.  iStrttum-  and  riiaj«^r.  ibid.,  vol  hi.  hnx*'I-  i^^'^- 
lin.  klin.  Woch..  10(15  p.  VMt4. 

'  Verhaudl.  d.  70  V<*naiiiiuilufi|;  deulwher  Nalurfi/rj^'iier  u.  Aerzte.  brealau, 
1904. 
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The  fact  that  transudates  do  not  coagulate  spontaneously  in  the 
absence  of  blood  may  further  serve  to  distinguish  them  from  eio- 
dates,  in  which  a  coagulum  is  frequently  observed  after  stainfing 
for  twenty-four  hours.  Not  much  reliance  should  be  placed  upon 
this  point  of  difference,  however,  as  exudates  likewise  do  not  always 
coagulate,  and  clotting  of  transudates  in  the  presence  of  blood  may 
take  place  within  the  body. 

Literature. — Reuss,  Deutsch.  Arch.  f.  klin.  Med.,  vol.  xxviii,  p.  317.  Rune- 
berg,  ibid.,  1884,  vol.  xxxiv,  pp.  1  and  266;  and  Berlin,  klin.  Woch.,  1897,  No. 
33.  Citron,  ibid.,  1897,  p.  854;  and  Deutsch.  Arch.  f.  klin.  Med.,  \d.  xlvi 
Uanke,  Mittheil.  a.  d.  med.  Klin.  z.  Wiirzburg,  1886,  vol.  ii,  p.  189. 


CHEMISTRT  OF  TRANSUDATES. 

An  idea  of  the  chemical  composition  of  the  various  forms  of 
transudates  may  be  formed  from  the  following  tables,  taken  from 
Hoppe-Seyler  and  Hammarsten,  the  figures  corresponding  to  1000 
parts  by  weight  of  fluid;  the  specimens  were  taken  from  one  individual: 

Pleura,  Peritoneum.  j|j^  f^^t 

Water 957.59  967.68  982.17 

Solids 42.41  32.32  17.83 

Albumin 27.82  16.11  3.«>4 

Ethereal  extract 


Alcoholic  extract 
.Aqueous  extract 
Inorfjanic  salts 
Errors  of  analysis 


5.27  0.50 

3.71 
14.59  I  1.10 

0  12 


.Vn.vlysis  of  Hydhocelk  Fli'id. 


Water 0.3S  S.') 

Solids 01.1.1 

Fibrin  (fonned) 0.'>9 

(Jlobulins 13.  o2 

Scrum  albumin 3o.04 

Etlu^roal  extract 4.02 

Soluble  salts SJU) 

lns()lu])lo  salts 0.00 

Sodium  chloride O.U) 

Sodium  oxide 1.09 

Supir  and  uric  acid  in  small  amounts  are  also,  as  a  rule,  fomul  in 
transudates,  and  in  one  case  of  hepatic  cirrhosis  Moscatelli  sucTeede*) 
in  (leinonstrating  the  presence  of  allantoin.  v.  Jaksch  states  that  he 
has  frequently  been  ahle  to  demonstrate  the  presence  of  urobilin  in 
both  transudates  and  serous 'exudates,  even  though  red  blood  cor- 
puscles and  blood-coloring  matter  in  solution  were  absent.  Stich 
also  reports  that  in  the  ascitic  fluid  removed  during  life  from  a 
patient  with  hemorrhagic  nephritis,  urobilin  was  present.  Peptone 
is  never  found;  and  Pajikull  states  that  nucleo-albumin  is  not 
present   in    transudates  of  non-inflammatory  origin.     Hammarsten, 
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together  with  Pajikull,  could,  however,  demonstrate  an  albuminous 
sabstance  in  transudates  which  was  regarded  as  a  mucoid  and  which 
is  present  in  exudates  in  small  amounts  only.  It  is  rich  in  reducing 
substance  and  contains  more  nitrogen  than  the  true  mucins. 

Literature. — Moscatelli,  Zeit.  f.  physiol.  Chem.,  1889,  vol.  xiii,  p.  202.  v. 
Jmksch,  Zeit.  f.  Heilk.,  1891,  vol.  xi,  p^  440.  Eichhoret,  Zeit.  f.  klin.  Med.,  1881, 
vol.  iii,  p.  537.    Stich,  Miinch.  med.  Woch.,  October  29,  1901. 


MICROSCOPIC  EXAMIMATION. 

Upon  microscopic  examination  only  a  few  isolated  leukocytes 
and  endothelial  cells  from  the  serous  surfaces  and  undergoing  fatty 
d^eneration  are  usually  seen.  Mast-cells  and  eosinophilic  leukocytes 
have  been  observed  in  the  ascitic  fluid  in  cases  of  myelogenous  leu- 
konia.  Charcot-Leyden  crystals  were  present  at  the  same  time. 
In  cases  in  which  the  transudates  have  been  confined  for  a  long  time 
plates  of  cholesterin  are  frequently  found.  They  are  especially 
abundant  in  hydrocele  fluid.  Amebas  have  been  found  by  Miura 
in  the  ascitic  fluid  of  a  woman  afllicted  with  an  abdominal  tumor; 
at  the  same  time  they  were  present  in  the  stools.  Leyden  and 
Schaudin  likewise  met  with  ameboid  bodies  in  the  ascitic  fluid 
obtained  from  two  cases  of  abdominal  tumor.  The  technique  which 
should  be  employed  in  the  microscopic  examination  of  transudates 
is  described  below. 

EXUDATES. 

Exudates  may  be  serous,  serofibrinous,  hemorrhagic,  seropunilent, 
purulent,  putrid,  chylous,  or  chyloid.  Of  these,  the  seropurulent, 
purulent,  and  putrid  types  are  manifestly  of  inflammatory  origin, 
while  in  the  case  of  the  serous,  serofibrinous,  and  hemorrhagic 
forms  it  mav  at  times  be  diflScult  to  determine  whether  the  fluid 
represents  a  transudate  or  whether  it  is  an  exudate.  A  detailed 
chemical  and  microscopic  examination  may  then  be  necessary. 

Serous  exudates  are  clear,  of  a  light  straw  color,  and  present  a 
specific  gravity  which  usually  exceeds  1.018  (1.012  to  1.024).  There 
is  a  large  amount  of  fibrin  and  of  albumin.  If  blood  corpuscles  are 
present  in  suflScient  numbers  to  impart  a  distinct  red  color  to  the  fluid, 
it  is  termed  hemorrhagic;  the  color  may  then  vary  from  a  light 
pink  to  a  dark  red.  On  standing,  even  the  purely  serous  exudates 
generally  undergo  a  certain  degree  of  coagulation,  which  becomes 
more  marked  in  the  presence  of  blood;  exceptions,  however,  do 
occur.  Most  important  is  the  microscopic  examination  of  the 
exudates.  Generally  speaking,  the  same  methods  are  here  employed 
as  in  the  case  of  the  blood,  but  the  interpretation  of  the  findings  is 
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not  always  easy.    This  is  largely  owing  to  the  fact  that  the  leuko- 
cytes often  show  evidence  of  degeneration,  and  that  the  fluid  may 
contain  endothelial  cells  in  addition  to  the  morphological  elements 
of  the  blood,  which  further  increases  the  difficulties  attending  a 
proper  classification.    (See  Pus.)    The  principal  point  at  issue  in  tk 
study  of  the  cellular  elements  of  exudates  is  the  question  as  to  the 
predominance  of  either  lymphocytes  or  the  polynuclear  elements  of 
the  blood.    Widal  and  his  collaborators,  more  especially,  have  pointed 
out  that  whereas  in  exudates  of  non-tuberculous,  acute  inflammatoiy 
origin  the  polynuclear  neutrophilic  leukocytes  predominate,  the  lym- 
phocytes prevail  in  the  chronic  tuberculous  forms.     His  observations 
have,  on  the  whole,  been  confirmed  by  numerous  investigators,  and 
the  importance  of  cytodiagnosis  in  pleuritic  effusions  more  especially 
is  now  well  established.    From  the  available  data  we  may  formulate 
the  following  conclusions:    In  the  very  earliest  stages  of  tuberculosis 
involving  the  serous  membranes  there  is  found  a  variable  number  of 
neutrophilic  leukocytes  in  addition  to  lymphocytes  and  endothelial 
cells.     Very  soon,  however,  they  diminish  and  in  the  later  stages  the 
lymphocyte  is  by  far  the  predominating  cell,  while  the  neutrophilic 
elements  are  present  only  in  very  small  numbers.     Grenerally  speaking 
the  percentage  of  lymphocytes  in  tuberculous  pleurisies  ranges  from 
50  to  98,  increasing  as  the  disease  contiques. 

In  pleuritic  effusions  due  to  the  pneumococcus  and  to  streptxxsocci 
during  the  serous  stages,  the  neutrophilic  leukocytes  far  outnumber 
the  lymphocytes.  (Average  in  postpneumonic  cases  71.7:  variations 
from  58  to  92.5  per  cent.)^  In  the  pneumococcus  causes,  moreover, 
it  is  common  to  meet  with  large  numbers  of  endothelial  cells,  some- 
times containing  polynuclear  leukocytes  and  red  cells  in  their  interior. 

In  cases  of  traumatic  and  aseptic  pleurisy,  in  association  with 
diseases  of  the  heart  and  kidneys,  large  endothelial  cells  are  seen  which 
often  present  most  grotesque  appearances,  occurring  either  singly  or 
in  groups  of  two,  three,  four  or  more;  while  the  occurrence  of  large 
numbers  of  such  cells  has  been  regarded  as  characteristic  of  transu- 
dates, Carter  has  shown  that  in  these  cases  also  theremavbea  Ivm- 
phocytosis  of  from  80  to  100  j^er  cent.;  so  that  confusion  may  arise  in 
differentiating  these  cases  from  tuberculous  pleurisy.  The  low  spe- 
cific gravity — average  alx)ut  1.008 — and  the  small  amount  of  fibrin 
and  albumin  in  the  transudates  will,  however,  aid  in  arriving  at  a 
conclusion. 

French  writers  also  describe  a  pleural  eosinophilia  in  which  large 
numbers  of  eosinophilic  cells — 6  to  54  per  cent. — are  found  in  the 
effusion,  while  in  the  circulating  blood  their  number  is  not  increased. 
Ravaut  reports  4  cases  of  this  kind.  In  1  the  effusion  occurred 
secondarily  in  the  course  of  syphilis;  in  the  second  in  a  case  of  typhoid 

»  H.  S.  Carter,  Med.  News,  October  1,  1904 
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sver;  the  third  was  a  case  of  phthisis,  while  in  the  fourth  no  diagnosis 
THS  made.  I  have  rwently  seen  a  case  of  this  kind  (probably  tuber- 
ulous)  with  10  per  cent,  of  eosinophiles,  4  per  cent,  neutrophiles,  83 
>er  cent,  of  small  mononuclears,  and  3.4  per  cent,  of  large  mononu- 
lears  in  the  exudate,  and  3.5  per  cent,  of  eosinophiles,  42  per  cent,  of 
leutrophiles,  36  per  cent,  of  small  mononuclears,  and  18  per  cent,  of 
Eiige  mononuclears  in  the  blood. 

Carter*  reports  2  cases  of  pleural  effusion,  referable  to  pistol-shot 
irounds  of  the  chest  walls,  in  which  the  eosinophiles  numbered  70.2 
nd  87.8  per  cent.,  respectively. 

Mast-cells  are  rarely  seen  in  pleuritic  effusions,  and  it  has  been 
observed  that  their  granules  are  then  quite  readily  soluble  in  water, 
o  that  they  cannot  be  demonstrated  with  aqueous  solutions  of  the 
tsual  dyes.  Wolff  notes  a  case  in  which  the  mast-cells  constituted 
bout  10  per  cent,  of  the  total  number  of  leukocytes. 

Whether  or  not  the  conclusions  which  have  been  reached  regard- 
tig  the  meaning  of  the  prevalence  of  certain  cell  forms  in  pleural 
ffusions  can  be  directly  applied  in  the  case  of  ascitic  fluid  remains 
o  be  seen.  From  the  available  data  it  appears  that  the  indications  are 
lot  as  direct.  But  generally  speaking  endothelial  plaques  control  the 
dcture  in  ascites  of  mechanical  origin,  while  lymphocytes  predomi- 
late  in  tuberculous  peritonitis  and  in  peritoneal  carcinoma.  The 
occurrence  of  large  vacuolated  cells  is  suggestive  of  a  cyst  accompanied 
>y  ascites  (ovarian  cyst).  The  same  is  true  of  the  cytological  study  of 
oint  effusions.  Widal  reports  that  in  3  cases  of  acute  rheumatism 
le  found  polynuclear  leukocytes  in  the  serous  exudate,  while  they 
^ere  absent  in  traumatic  cases  of  arthritis.  As  the  result  of  an 
xamination  of  30  hydroceles  Marchetti'  concludes  that  lymphocyte 
ind  epithelial  cells  predominate  without  exception. 

Of  the  cytological  findings  in  the  cerebrospinal  fluid  a  detailed 
iccount  will  be  given  later. 

Generally  speaking  the  cytological  factor  does  not  seem  to  depend 
o  much  upon  the  anatomical  localization  of  the  morbid  process  as 
ipon  its  duration  and  the  character  of  the  pathogenic  agent.  An 
\cute  process  (pneumococci,  streptococci)  call  forth  a  lymphocytosis 
>t  brief  duration,  which  is  followed  sooner  or  later  by  a  granulocytosis, 
irhile  a  less  intense  stimulus,  and  one  acting  more  slowly  (tubercle 
lacillus)  leads  to  a  persistent  lymphocytosis.  The  possibility  that  a 
timulus  of  the  latter  order  may  act  with  undue  virulence  and 
ntensity,  and  that  one  of  the  first  type  may  be  exceptionally  mild 
.nd  delay  the  occurrence  of  granulocytosis,  should,  however,  be 
K>me  in  mind. 

Very  important  also  is  the  study  of  the  cellular  elements  which 

*  Med.  News,  (>ctober  1,  1934. 

'  Gaz.  d.  Ospedal.  e.  d.  clin.,  1904,  No^  ^ 
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are  found  in  serous  exudates  in  cases  of  malignant  disease  of  the 
serous  membranes.  Difficulty  may  here  be  encountered  in  the  in- 
terpretation of  the  cellular  findings,  for  on  the  one  hand  it  is  often 
difflcult  to  distinguish  the  endothelial  cells  from  leukocytes,  as  thev 
take  on  phagocytic  activity  and  often  present  the  most  bizarre 
forms.  The  nucleus,  which  is  normally  centrally  located,  takes  up 
an  excentric  position,  and  enclosed  within  the  cell  we  may  find  leu- 
kocj'tes  and  red  cells.  On  the  other  hand,  it  is  impossible  by  simple 
inspection  to  distinguish  normal  endothelial  cells  from  cancer  cdU. 
In  cases  of  doubt  it  is  well  to  ascertain  whether  the  epithelial  de- 
ments give  the  glycogen  reaction  and  to  hunt  for  the  presence  of 
mitosis.  Qunicke  has  pointed  out  that  normal  endothelial  cells 
do  not  contain  glycogen,  and  that  a  marked  iodine  reaction  is  Teir 
suggestive  of  carcinoma.  Wolff,  however,  suggests  that  this  test 
is  probably  not  specific,  and  cites  two  instances  in  which  he  obtained 
a  positive  glycogen  reaction,  although  a  tumor  did  not  exist.  More 
important  probably  is  the  presence  of  mitoses.  In  non^nalignant 
exudates  epithelial  cells  never  present  evidence  of  mitosis,  while  in 
cases  of  tumor  they  may  be  found.  Rieder  regards  their  occurrence 
as  pathognomonic  of  malignant  disease.  Commonly  the  mitosis  is 
atypical ;  the  division  of  the  nucleus  is  not  followed  by  a  division  of 
the  cell;  the  chromosomes  are  short  and  show  no  polar  or  equatorial 
arrangement. 

In  cases  of  neoplasm  Quincke  has  also  drawn  attention  to  the 
occurrence  of  large  numbers  of  fat  droplets  in  the  fluid,  which  may 
attain  a  diameter  of  from  40  to  50  //.  At  times,  however,  the  fat 
droplets  are  so  small  and  so  numerous  as  to  give  a  chylous  appear- 
ance to  the  exudate.  At  other  times  a  similar  appearance  is  due  to 
the  presence  of  minute  albuminous  granules,  which  may  be  distin- 
guished from  fat  by  their  insolubility  in  ether  and  the  fact  that  they 
are  not  stained  with  the  common  fat  dyes,  such  as  Sudan,  scarlet-R, 
and  alkanin.  The  occurrence  of  numerous  fattv  acid  crvstals, 
arranged  in  groups,  should  also  excite  suspicion  of  a  neoplasm. 

Should  bits  of  tissue  be  obtained,  a  positive  diagnasis  of  malig- 
nant disease  may,  of  course,  be  made  by  the  usual  methods.  Such 
particles  should  be  i)laced  at  once  in  aksolute  alcohol  or  formalin. 

Crystalline  elements  are  not  usually  seen  in  serous  or  hemorrhagic 
exudates;  at  times  we  meet  with  platelets  of  cholesterin. 

Technique. — In  every  case  the  fluid  should  be  examined  as  soon 
after  puncture  as  possi!)le;  if  this  cannot  be  done  at  once,  coagula- 
tion may  !)e  prevented  by  the  addition  of  sodium  citrate.  The 
material  is  then  placed  in  the  ice-box  until  a  sediment  has  collecteil 
or  this  may  be  obtained  at  once  by  centrifugation,  new  portions  of 
fluid  being  repeattHily  used  and  the  sediments  combined.  Cover- 
glass  preparations  may  then  be  conveniently  made,  or  smears  on 
slides  exactly  as  in  the  case  of  blood,  care  being  taken  to  do  as  little 
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injuiy  to  the  cellular  elements  as  possible.  The  smears  should  be 
very  thin,  so  that  the  specimens  will  dry  rapidly  and  but  little 
chimce  is  given  for  the  cells  to  contract  beyond  their  usual  size. 
Subsequent  treatment  will  depend  upon  the  special  points  which  are 
to  be  elicited.  Unfortunately  the  leukocytes  are  often  much  changed, 
so  that  their  classification  may  be  attended  by  considerable  diflS- 
culties.  The  polynuclear  elements  may  appear  mononuclear  and 
not  infrequently  the  neutrophilic  granules  can  no  longer  be  demon- 
strated. (See  Pus.)  For  this  reason  the  triacid  stain  is  not  to  be 
Teeonmiended  for  routine  work;  the  eosinate  is  much  better  and 
will  furnish  as  satisfactory  results  as  can  be  obtained  with  a  panoptic 
dye.  Successive  staining  with  eosin  and  methylene  blue  sometimes 
gives  better  results  than  a  polychrome  dye.  Care  should  be  had  not 
to  diagnosticate  eosin  ophilia  from  the  fact  that  cell  granules  are 
stained  red,  as  the  neutrophilic  granules  of  degenerating  cells  are  com- 
monly amphophilic,  viz.,  they  stain  both  with  acid  and  neutral  dyes; 
account  must  be  taken  of  the  size  of  the  granules  and  the  general 
structure  of  the  cell.  To  differentiate  pseudolymphocytes  from  true 
lymphocytes,  Pappenheim's  methyl-green  pyronin  may  be  employed, 
though  it  is  not  absolutely  specific;  still  it  will  be  found  that  even 
though  the  protoplasm  of  other  cellular  elements  may  take  the  red 
color  of  the  pyronin,  the  intensity  is  distinctly  less  than  in  the  case 
of  the  lymphocytes  proper. 

Pappenheim's  MetJiod.^ — The  stain  is  composed  of  a  concentrated 
aqueous  solution  of  methyl  green  to  which  pyronin  is  added  until  the 
solution  just  begins  to  turn  blue  viz.,  about  1  part  of  pyronin  for 
3  to  4  parts  of  methyl  green.  Stained  in  this  manner  the  basophilic 
protoplasm  of  the  lymphocytes  is  colored  a  fine  dark  carmine  red,  while 
the  protoplasm  of  all  other  cells  is  stained  a  more  or  less  pale  brownish 
or  reddish  yellow,  or  remains  colorless.  Pappenheim  regards  this 
stain  as  essentially  specific  for  the  lymphocytes,  but  admits  that  it 
also  stains  in  a  similar  manner  the  young  erythroblasts  that  are  poor 
in  hemoglobin.  The  difference  can  be  recognized  from  the  character 
of  the  nuclei  and  the  fact  that  the  margin  of  the  Ijinphocytes  very 
commonly  appears  shaggy,  while  that  of  the  erythroblasts  is  smooth 
and  homogeneous. 

To  study  mitosis,  hematoxylin  and  eosin  may  be  employed,  or 
the  Romanowsky  method  in  one  of  its  various  modifications. 

The  glycogen  reaction  is  demonstrated  as  in  the  case  of  the  blood 

BAOTERIOLOOIOAL  EXAMINATION  OF  EZX7DATES. 

In  a  measure  the  bacteriological  examination  of  exudates  has  been 
supplanted  by  the  cytological  study,  as  outlined  above;  especially  as 

*  Virchow's  Archiv,  1899,  vol.  clvii. 
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the  bacteriological  examination  has  been  notoriously  unsatisfacton 
in  the  most  important  group  of  effusions,  viz.,  in  those  of  tuberculous 
origin.  It  is  now  known  that  all  exudates  gradually  become  free 
from  bacteria,  even  though  at  first  they  may  have  been  caused  bj 
bacterial  activity.  As  a  result  it  is  no  longer  justifiable  to  conclude 
that  a  process  is  tuberculous  because  bacteriological  examination  of 
the  exudate  has  given  no  positive  result.  If  it  is  desired  to  cultivate 
organisms  that  may  be  present,  it  is  well  to  make  a  bouillon  culture 
in  every  case  so  as  to  eliminate  the  bactericidal  properties  of  the 
exudate  as  much  as  possible.  In  any  event  it  is  well  to  centrifugate 
the  fluid  in  a  sterile  tube  and  to  use  the  sediment  for  inoculationi 
The  organisms  which  are  most  likely  to  be  encountered  are  the  pneu- 
mococcus,  the  various  staphylococci,  streptococci,  and  more  rarely 
the  colon  bacillus  and  the  typhoid  bacillus. 

Inoscopy.* — Jousset  recommends  the  following  procedure  for  the 
purpose  of  demonstrating  tubercle  bacilli  in  exudates:  The  fluid  is 
allowed  to  clot  spontaneously  or  by  adding  a  little  horse  serum. 
The  clot,  which  is  supposed  to  contain  most  of  the  organisms,  is  pressed 
out,  torn  into  fragments,  and  placed  in  about  10  c.c.  of  a  digestive 
mixture  of  the  following  composition:  pepsin,  1  to  2  grams;  glycerin, 
10  c.c;  40  per  cent,  solution  of  hydrochloric  acid,  15  c.c;  sodium 
fluoride,  3  grams ;  water,  1000  c.c.  The  material  is  left  in  the  incubator 
for  three  to  four  hours,  then  centrifugalized  and  smears  prepared  from 
the  sediment  and  stained  as  usual.  Jousset  claims  to  have  obtained 
very  good  results  in  this  manner,  while  others  are  less  enthusiastic. 

More  recently  Zebrowski^  has  suggested  the  following  method  as 
more  likely  to  lead  to  satisfactory  results:  Coagulation  of  the  fluid 
is  prevented  by  the  addition  of  an  equal  volume  of  a  0.5  j)er  cent, 
solution  of  sodium  fluoride.  The  mixture  is  set  aside  in  a  cool  place 
until  the  following  day,  when  it  is  thoroughly  centrifugated  and 
smears  made  from  the  sediment  and  stained  as  usual. 

With  this  method  Zebrowski  claims  to  have  found  tubercle  bacilli 
in  83  per  cent,  of  secondary  and  55  per  cent  of  primary  pleurisies. 

More  satisfactory  than  either  method  possibly  is  the  animal 
experiment,  to  which  end  a  large  quantity  of  the  fluid  is  centrifugalized 
and  the  sediment  injected  into  the  peritoneal  cavity  of  a  guinea-pijj, 
as  in  the  case  of  the  urine  (which  see). 

liiTEHATiniE. — Widal  and  Ravaut,  '"Cytodiagnostiqiie  des  epanchementssero- 
fihrinoiix  do  la  plevrt',"  Trans.  XIII  Intemat.  Med.  Conj?.  Paris,  1900.  Harjou 
and  Cadr,  ''Etudes  cytol.,"  etc.,  Arch.  g(^n.  d.  irK^'d.,  August,  1902.  Gullami. 
"Cvtodia^nosis,"  etc.,  Scott.  Med.  and  Surg.  Jour.,  June,  1902,  p.  490.  A. 
Wolff,  "Transudates  and  Exudate's,"  Zeit.  f.  klin.  Med.,  1902,  vol.  xxii,  Heft  o 
u.  0.  (Quincke,  Deut^ch.  Arch.  f.  klin.  Med.,  1882,  vol.  xxx,  pp.  369  and  h^V 
Hieder,  ihid.,  1X95,  vol.  liv,  p.  544. 

'  La  soiuaine  mh\.y  1903,  No.  3. 

^  Deutsch.  med.  Woch.,  September  7,  1905. 
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OHSmSTRT  OF  EXUDATES. 

According  to  Moritz,  an  albumin  is  found  in  exudates  that  can 
ye  precipitated  with  acetic  acid  and  which  is  absent  in  transudates. 
He  regards  this  as  serum  globulin  which  has  undergone  a  cimnge  as 
I  result  of  the  inflammatory  process.  According  to  Matsumoto,  on 
;he  other  hand,  the  substance  in  question  represents  a  mixture  of 
ibrinoglobulin,  euglobulin,  and  a  small  amount  of  pseudoglobulin ; 
n  the  filtrate,  however,  there  is  also  some  fibrinoglobulin  (fibrinogen) 
ind  euglobulin.  He  suggests  that  this  last  circumstance  is  probably 
referable  to  the  small  amount  of  salt  in  exudates  and  that  in  the  first 
instance  the  pseudoglobulin  is  probably  carried  down  mechanically. 

More  recently  Umber  has  studied  the  body  in  question  and  arrivwJ 
it  the  conclusion  that  it  belongs  to  the  mucins.  To  its  prc*sence 
the  mucinous  character  of  such  fluids  is  due.  It  is  precipitated  by 
the  addition  of  acetic  acid  and  is  insoluble  in  an  excess  of  the  reagent 
imless  the  acid  is  present  in  great  c*oncentration.  The  Ixnly  has 
markedly  acid  properties  and  is  not  coagulated  by  hcfat.  It  differs 
from  the  known  mucins  in  the  presence  of  a  very  small  amount  of 
neducing  substance,  which  can  only  be  demonstrate<J  by  sjK*i.'ial 
methods.  It  contains  about  14  per  cent,  of  nitrr>gf*n  and  no  pluis- 
)horus.  In  neutral  and  feebly  acid  solution  the  substanci!  dfK?s  not 
*oaguIate  (thus  differing  from  the  globulias).  I'he  same  Uxly  aprm- 
«ntly  was  found  by  Salkowski  in  an  exudate  into  the  hi[>-joint.  ( 'inrKfr 
»lls  this  substance  serosamudn.     Its  amount  is  lc;ss  than  0,5  \H'T  r^ent. 

According  to  Umber  and  Stahelin  the  sifrr^saniucin  is  i^sMrntially 
bund  in  exudates  referable  to  inflammatory  [irrK.i?ssr's  or  assrK'iati*'! 
vith  new  growths.  In  transudates,  as  IluneUrrg  alrvaily  \t(nuUn\ 
mt,  only  a  very  slight  turbidity  results  u[ion  the  ailrlition  of  iuvt^u: 
icid,  and  not  in  all  cases,  morerjver;so  that  a  well-marked  n^Hidiou, 
iz.,  a  marked  precipitation  upr>n  the  a^ldition  <A  a^.'^rtic  tand  Uf  th#; 
mint  of  a  distinctly  acid  reaction,  rnay  be  r*r^rtUnl  as  a  valiiaMe 
ign  in  the  diagnosis  Ijetween  traa^turlates  an^l  exM#lat#rH,  I  ap{jfrfi#J 
ome  of  the  results  olitainerj  bv  Umber: 

Hepatic  nr^^fL^t 

Hepauccini#:ii^i*  wi^ih  frlri/r/fi.<:  fji^j^ir>.s*  *fwi  f>^*f.ft.  rU 

Nephritu 
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For  the  isolation  of  serosamucin  see  Umber's  paper  (see  Literature 
below.) 

Of  the  common  albumins  we  meet  with  traces  of  fibrinogen  and 
with  fairly  large  amounts  of  globulin  and  serum  albumin.  Their 
percentage  may  at  times  not  appear  so  very  large,  but  considering 
the  large  amount  of  fluid  and  the  rapidity  with  which  it  may  accumu- 
late it  is  clear  that  the  loss  of  nitrogen  to  the  body  in  this  form  may  be 
very  considerable.  Umber  showed  that  in  one  of  his  cases  5000  grams 
of  albumin  representing  about  15,000  grams  of  muscle  tissue  were 
lost  within  a  year. 

In  addition  to  the  serosamucin  and  the  common  albumins  men- 
tioned, some  exudates  may  possibly  also  contain  small  amounts  of  a 
a  nucleo-albumin,  as  is  suggested  by  the  findings  of  Pajikull.  Should 
ovarian  cysts  have  ruptured  into  the  peritoneal  cavity,  we  may  fur- 
ther find  both  pseudomucin  and  paramucin  (which  see). 

Of  interest  further  is  the  fact  that  Umber  succeeded  in  demonstrat- 
ing the  existence  of  autolytic  processes  in  exudates.  He  found  both 
albumoses  and  mono-amino  acids,  viz.,  leucin  and  tyrosin. 

Coriat  has  reported  a  case  of  polyneuritic  delirium,  in  which  pleurisy 
with  effusion  developed.  In  the  effusion  he  could  demonstrate  a 
peculiar  albuminous  substance,  which  he  regards  as  identical  with 
Bence  Jones'  albumin;  in  the  urine  this  substance  could  not  be 
found. 

IjITERature. — Pajikiill  (Swedish  ref.  bv  Hammarsten:  Jahresber.  f.Thierchem., 
1893).  Moritz,  Miinch.  med.  Woch.,  1902,  No.  42.  Mat^umoto,  Deutsch.  Arrh.. 
1902,  vol.  Ixxv,  p.  409.  Stahelin,  Miinch.  med.  Woch.,  1902,  No.  34.  F.  rml)cr. 
Zeitsch.  f.  klin.  Med.,  1903,  vol.  xlviii,  p.  364.  Coriat,  **The  Occurrence  of  tht 
lience  Jones  Albumin  in  a  Pleuritic  Effusion,"  Amer.  Jour.  Med.  Sci.,  1903,  vol. 
cxxvi,  p.  631. 

Pus. 

General  Characteristics  of   Pus. — If  pus,  which  usually  pre- 
sents a  color  varying  from  yellowish  gray  to  greenish  yellow,  is 
allowed  to  stand  for  a  time,  a  liquid  gradually  appears  at  the  top, 
and  increases  in  amount  until  it  is  finally  possible  to  distinguish 
two  distinct  layers,  the  one  above — the  pus  serum;  the  other  at  the 
bottom — the  pus  corpuscles.     Upon  the  number  of  the  latter  the 
consistence  as  well  as  the  specific  gravity  of  the  pus  is  dependent. 
This  may  vary  between  1.020  and  1.040,  with  an  average  of  1.031 
to  1.033.     Fresh  pus  has  always  an  alkaline  reaction,  which  may 
become  neutral  or  slightly  acid  upon  standing,  owing  to  the  develop- 
ment of  free  fatty  acids,  glycerin-phosphoric  acid,  and  lactic  acid. 
The  color  of  pus  serum  may  be  a  light  straw,  a  greenish  or  a  brownish 
vellovv. 

Chemistry  of  Pus. — ^TLlie   chemical   composition    of   pus  serum 
and  pus  corpuscles  may  be  seen  from  the  following  tables: 
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Analysis  op  Ptfs.SfeuM. 

'    >'  I.  li. 

Water r'.^tJ^    .     .  913.70  905.65 

Solids r           •  86.30  94.35 

Albumins ;     .      .  63.23  77.21 

Lecithin V     .      .  1.50  0.56 

Fat 0.26  0.29 

Cholesterin 0.53  0.87 

Alcoholic  extract ":      .      .  1.52  0.73 

Aqueous  extract 11.53  6.92 

Inorganic  salts 7.73  7.77 

Analysis  op  Pus  Corpuscles. 

I.  II. 

Nuclein 342.37) 

Insoluble  matter 205.66^  673.69 

Albumins 137.62) 

Lecithin  I  i  ^o  oo  (75.64 

Fat  \         ^^^^^  175.00 

Cholesterin 74.00  72.83 

Cerebrin 51.99)  |^y,  «. 

Extractives  44.33)  ^^^-^ 

Aibumoses  are  usually  present,  and  are  derived  from  the  pus  cor- 
puscles. Leucin  and  tyrosin  are  likewise  frequently  met  with  in  the 
pus  of  old  abscesses;  and  fatty  acids,  urea,  sugar,  glycogen,  biliary 
pigments  and  acids  (in  catarrhal  jaundice),  acetone,  uric  acid,  xanthin 
bases,  cholesterin,  etc.,  have  occasionally  been  observed.^ 

Biicroscopic  Examination  of  Pus.  Leukocytes.— If  a  drop  of  pus 
is  examined  with  the  microscope,  it  will  be  seen  to  contain  innumer- 
able leukocytes,  many  of  which  in  perfectly  fresh  pus  exhibit  ameboid 
movements.  ITie  cells  in  question  are  usually  almost  altogether  of 
the  neutrophilic  variety,  and  it  may  be  questioned  whether  the  lym- 
phocytes ever  occur  in  true  pus.  Even  in  cases  of  lymphatic  leukemia 
the  predominating  cell  in  abscesses  is  the  polynuclear  leukocyte  or 
its  degeneration  forms.  Mononuclear  elements  with  basophilic  pro- 
toplasm, however,  are  also  met  with,  notably  in  the  more  chronic  cases, 
but  it  is  likely  that  they  are  derived  from  the  connective-tissue  cells 
and  are  not  of  hematogenic  origin.  Eosinophiles  are  only  seen  in  pus 
under  certain  definite  conditions,  as  in  gonorrhea  (see  below),  and 
mast-cells  also  are  quite  uncommon. 

In  pus  that  is  not  perfectly  fresh  it  is  usually  not  possible  to  dem- 
onstrate the  presence  of  neutrophilic  granules.  In  such  cells,  more- 
over, we  commonly  meet  with  fragmentation  of  the  nucleus,  asso- 
ciated with  marked  pyknosis.  This  was  first  noted  by  Ehrlich  in 
a  case  of  hemorrhagic  smallpox  and  in  various  exudates,  and  has 
subsequently  been  described  by  Michaelis  and  WolflF.  The  degenera- 
tion may  proceed  to  fragmentation  of  the  entire  cell  with  the  conse- 
quent formation  of  mononuclear  neutrophilic  forms  (Ehrlich 's  pseudo- 

*  M.  Pickardt,  **Z.  Kenntniss  d.  Chemie  path.  Ergusse/'  Berlin,  klin.  Woch., 
1897,  p.  844. 
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lymphocytes).  On  the  other  hand,  a  type  of  degeneration  is  seen 
in  which  the  nucleus  does  not  become  pyknotic,  but  swells  to  a  large 
size  and  stains  rather  faintly  with  basic  dyes.  la  such  cells  the  proto- 
plasm appears  as  a  narrow  rim  and  the  impression  is  gained  as  though 
the  cell  were  in  reality  a  leukocyte;  if  at  the  same  time  the  granules 
have  been  lost,  the  differentiation  may  indeed  be  impossible,  unless 
transition  forms  exist  between  the  normal  polynuclear  neutrophile 
and  the  type  in  question.* 

Owing  to  resorption  of  water  from  accumulations  of  pus  of  long 
standing,  such  material  finally  assumes  a  caseous  aspect,  and  the 
leukocytes  will  be  seen  to  have  greatly  diminished  in  size,  and  to 
have  assumed  an  angular,  shrunken  appearance;  it  is  then  hard!? 
possible  to  demonstrate  the  presence  of  a  nucleus,  even  after  the 
addition  of  acetic  acid. 

It  is  noteworthy  that  in  cases  of  hepatic  abscess  referable  to 
Amoeba  coli  it  is  seldom  possible  to  demonstrate  any  normal  leuko- 
cytes, and  it  will  be  seen  that  under  such  conditions  the  pus  consists 
almost  altogether  of  granular  and  fatty  detritus,  while  in  liver 
abscesses  due  to  other  causes  the  leukocytes  usually  present  a  fairly 
normal  appearance. 

Mast-cells  are  only  exceptionally  seen  in*  pus. 

Giant  Ctorpuscles.— So-called  giant  pus  corpuscles,  measuring  at 
times  from  30  /^  to  40  /^  in  diameter,  have  been  observed  in  abscesses 
of  the  gum,  hypopyon,  and  in  the  contents  of  suppurating  ovarian 
cysts,  but  they  no  not  appear  to  have  any  special  significance.  Upon 
careful  examination  these  bodies  will  be  seen  to  contain  one  oval 
nucleus,  usually  located  eccentrically  within  the  cell,  and  from  one  to 
thirty  or  even  forty  pus  corpuscles.^ 

Detxitus. — Fatty  and  albuminous  detritus  in  variable  amount  mav 
be  observed  in  every  specimen  of  pus,  and  increases  with  the  length 
of  time  that  it  has  been  confined  within  the  body.  The  same  holds 
good  for  the  presence  of  free  nuclei,  which  were  formerly  regarded 
as  young  pus  corpuscles,  but  which  have  now  been  definitely  recog- 
nized as  originating  during  the  disintegration  of  the  corpuscles. 

Red  Corpuscles. — Red  blood  corpuscles  in  variable  numbers  are 
usually  seen  in  every  specimen,  their  appearance  depending  upon  the 
length  of  time  they  have  been  confined.  Pus  corpuscles  may  at 
times  cont<[iin  a  red  corpuscle. 

Pathogenic  Vegetable  Parasites. — Of  the  pathogenic  organisms 
which  are  of  especial  interest  from  a  clinical  standpoint  may  be 
mentioned  the  true  pus  organisms,  notably  the  staphylococci  and 
the  Streptococcus  pyogenes;  furthermore,  the  tubercle  bacillus,  the 
Actinomyces  hominis,  the  bacillus  of  glanders,  the  bacillus  of  anthrax, 

*  L.  Michaelis  and  A.  Wolff,  "Die  Lymphocyten,"  Deutsch.  med.  Woch.,  1901, 
vol.  xxvii,  p.  651. 

'  Bottcher,  Virchow's  Archiv,  1867,  vol.  xxxix,  p.  512.     Bizzozero,  loo.  cit. 
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leprosy,  tetanus,  influenza,  and  Frankel's  pneumococcus,  etc.  The 
majority  of  these  have  already  been  described.  A  pathogenic  lepto- 
thnx,  named  by  Flexner  the  L.  asteroides,  has  been  found  by  Cozzo- 
lino^  in  the  pus  of  a  retroperitoneal  abscess. 

A  form  of  streptothrix  nas  been  isolated  from  the  pus  of  certain 
cases  of  mycetoma,  or  Madura  foot.' 

Vincent's*  fusiform  bacilli  and  spirilla  have  been  encountered  in 
the  pus  of  alveolar  pyorrhcea,  in  noma,  hospital  gangrene,  gangrenous 
ulcer  of  the  penis,  in  bronchiectasis,  abscess  of  the  leg,  etc. 

In  the  pus  of  abscesses  in  cases  of  systemic  blastomyces  infection 
the  corresponding  organism  is  found. 

Protosoa,  with  the  exception  of  the  Amoeba  coli,  have  only  rarely 
been  found.  Kiinstler  and  Pitres*  observed  numerous  large  spores 
with  from  ten  to  twenty  crescentic  corpuscles  in  pus  taken  from  the 
pleural  cavity  of  a  man,  which  closely  resembled  the  coccidia  of 
mice.  Litten*  observed  cercomonads  in  the  fluid  withdrawn  from  a 
pleural  cavity.  Trichomonads  have  been  found  in  empyema  in  con- 
nection with  pulmonary  gangrene. 

Most  important  in  this  connection  is  the  demonstration  of  the 
Amoeba  coli  in  the  pus,  and  in  cases  of  liver  abscess  an  examination 
with  this  end  in  view  should  never  be  neglected.  So  far  as  the 
occurrence  of  amebas  in  piLS  is  concerned,  the  observation  of  Kartulis 
and  of  Flexner,  who  demonstrated  their  presence  in  an  abscess  of  the 
lower  jaw,  shows  that  they  should  not  be  looked  for  in  the  pus  of 
abscesses  of  the  liver  or  lung  only. 

In  smears  obtained  from  two  cases  of  oriental  boil  (tropical  ulcer, 
Delhi  boil,  Aleppo  boil)  Marzinowsky  and  Bargow,"  on.  the' one  hand, 
and  Wright^  on  the  other,  found  little  bodies,  measuring  from  1  to 
4  /i  in  diameter  and  apparently  provided  with  a  macronucleus  and  a 
micronucleus.  They  are  inclined  to  look  upon  these  as  protozoa  and 
as  parasitic.  Marzinowsky  and  Bragow  name  the  organism  Booplasma 
orientale;  Wright  calls  it  the  Helcosoma  tropicum.  According  to 
Christofers**  they  are  identical  with  the  Leishmania-donovani  of  tropi- 
cal splenomegaly,  which  latter  are  known  to  occur  in  the  skin  ulcers 
of  kala-azar. 

Vermes. — Of  these,  the  filaria  and  hydatids  are  rarely  observed 
in  this  country.  Bothriocephalus  linguloides  has  been  found  in  the 
pleural  cavity  of  a  Chinese  patient. 

*  Zeitsch.  f.  Hygiene,  1900,  vol.  xxxiii,  p.  36. 

'  Boyce  and  Adams,  Jour.  Exper.  Med.,  vol.  iii,  p.  422. 

*  Annal.  de  I'lnstitut  Pasteur,  1894,  vol.  viii,  p.  129. 

*  Compt.-rend.  de  la  Soc.  de  biol.,  1884,  p.  523. 

*  Vernandl.  d.  Cong.  f.  inn.  Med.,  1886,  vol.  v,  p.  417. 

*  Virehow's  Archiv,  1904,  p.  178. 

^  Jour.  Cut.  Dis.,  incl.  Syph.,  New  York,  June,  1904,  and  Jour.  Med.  Research, 
December,  1903. 

*  "Discussion  on  the  Leishman-Donovan  Pody/'  Brit.  Med.  Jour.,  September 
17,  1904. 
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OrystalB. — As  has  been  stated,  crystals  of  cholesterin  arefrequendy 
found  in  old  pus  and  in  exudates  of  long  standing,  but  are  rarely 
seen  in  recent  exudates.  They  may  be  recognized  by  their  charac- 
teristic form  and  their  chemical  reactions,  as  described  in  the  chapter 
on  the  Feces.  Triple  phosphates,  fatty  acid  crystals,  and  hematoidin 
are  likewise  frequently  seen,  the  presence  of  the  latter,  of  course, 
indicating  a  previous  admixture  of  blood. 

The  technique  to  be  employed  in  the  examination  of  pus  is  as  t 
rule  simple.  Cover-glass  preparations  or  smears  on  slides  are  pre- 
pared as  in  the  case  of  the  blood  and  are  then  stained  according  to 
the  points  that  are  to  be  elicited.  For  routine  work  the  eosinate 
of  methylene  blue  will  be  found  very  useful.  If  the  pus  corpuscles 
are  still  fairiy  fresh,  the  neutrophilic  granules  are  readily  stained;  it 
will  be  noted,  however,  that  very  commonly  they  exhibit  a  more 
decided  red,  which  is  referable  to  certain  degenerative  changes  which 
cause  the  granules  to  assume  an  affinity  for  acid  dyes  as  well.  Bac- 
teria that  may  be  present  are  usually  well  shown.  If  the  pus  is 
older  and  the  cells  have  lost  their  granules,  Pappenheim's  pyronin- 
methyl  green  will  be  found  of  value  in  the  study  of  the  mononuclear 
forms. 

Gonorrheal  Pus. 

In  the  very  earliest  stages  of  the  disease  the  pus  contains  large 
numbers  of  eosinophilic  cells  besides  the  common  polynuclear  neu- 
trophiles/  But  at  the  same  time  and  throughout  the  course  of  the 
disease  mononuclear  non-granular  elements,  with  basophilic  proto- 
plasm, are  also  seen.  The  larger  number  of  the  latter  are  of  the  t}'pe 
of  the  large  mononuclear  leukocyte  and  transition  form  of  Ehrlich, 
but  a  certain  percentage  is  also  represented  by  the  Ijanphocjies,  both 
of  the  small  and  large  variety.  Mast-cells  may  also  occur  in  gonor- 
rheal pus;  a  remarkable  case  is  reported  by  Neisser,  in  which  the  pus 
consisted  practically  exclusively  of  such  elements. 

The  neutrophilic  elements  in  gonorrheal  pus  commonly  present 
evidence  of  degeneration.  In  some  a  loss  of  granular  material  has 
manifestly  taken  place,  and  it  can  be  demonstrated  that  in  most  of 
the  cells  the  granules  are  no  longer  absolutely  neutrophilic,  but  have 
become  amphophilic — that  is,  from  a  neutral  mixture  they  take  up 
the  neutral  dve,  hut  thev  can  also  be  stained  with  acid  dves.  With 
the  triglycerin  mixture,  for  example,  they  are  stained  red  by  the 
eosin. 

As  regards  the  distribution  of  gonococci  in  the  different  cellular 
elements,  it  is  noteworthy  that  they  are  principally  found  in  the  poly- 

^  Other  ol)Stirvers  do  not  mention  the  early  occurrence  of  eosinophiles  in  the 
pus.  Esserteaii  states  that  they  are  increased  from  the  second  to  the  fourth 
week. 
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nuclear  neutrophiles,  while  they  are  less  commonly  seen  in  the  mono- 
nuclear leukocytes  and  transition  forms.  In  the  small  lymphocytes 
thqr  are  not  encountered,  and  it  is  uncommon  to  find  them  in  the 
eosinophilic  cells. 

Generally  speaking  numerous  gonococci,  eosinophiles,  and  a  small 
nimotber  of  lymphocytes  are  found  in  cases  of  recent  gonorrhea,  while 
during  exacerbations  of  chronic  processes  only  a  few  cocci  and 
numerous  mononuclear  elements  are  encountered.  The  common 
neutrophilic  elements  of  course  control  the  picture  practically  at  all 
times,  so  long  as  there  is  a  discharge. 

The  gonococcns  (Neisser)  (Plate  XXI)  occurs  in  the  form  of 
small  oval  or  coffee-bean-shaped  granules,  grouped  in  twos  and  fours 
resembling  a  German  biscuit;  the  individual  cocci  measure  about 
1.25  IX  in  length  by  0.7  fx  in  diameter.  As  a  rule  they  are  found 
enclosed  within  pus  corpuscles  and  epithelial  cells;  but  they  may 
also  occur  free  in  the  pus  obtained  from  the  urethra,  in  the  vaginal 
discharge,  and  more  rarely  in  urinary  sediments,  as  in  cases  of  com- 
plicating prostatitis,  peri-urethritis,  etc.  In  cover-glass  specimens 
account  should  be  taken  only  of  those  organisms  which  are  enclosed 
within  cellular  elements,  as  these  alone  may  be  regarded  as  charac- 
teristic. To  this  end  a  drop  of  the  discharge  is  spread  in  a  thin 
layer  upon  a  slide  or  a  glover-glass,  dried  in  the  air,  and  fixed  by 
passing  three  or  four  times  through  the  flame  of  a  Bunsen  burner. 
The  specimens  may  then  be  stained  with  any  one  of  the  basic  aniline 
dyes.  In  my  laboratory  the  eosinate  of  methylene  blue  is  almost 
exclusively  used  for  this  purpose.  The  organisms  are  thus  colored 
blue,  while  the  granules  of  eosinophilic  leukocytes,  which  may  be 
present  at  the  same  time,  appear  a  bright  red  or  a  brownish  red. 
After  five  minutes  the  excess  of  stain  is  washed  oflF ,  the  preparations 
are  rinsed  in  water,  dried  with  filter  paper,  and  examined  with  a 
high  power. 

The  gonococcus  is  decolorized  by  Gram's  method  and  can  in  this 
manner  be  distinguished  from  certain  other  organisms  that  may  be 
present.  Of  the  four  kinds  of  diplococci  which  may  be  found  in  ure- 
thritis besides  the  gonococcus,  only  two  forms  are  similarly  decolorized, 
and  these  two  are  rarely  seen.  We  may  conclude  that  in  95  per 
cent,  of  all  cases  Gram's  method  permits  a  definite  conclusion  as  to 
the  presence  or  absence  of  the  true  organism.  Gram's  method  is 
best  employed  in  the  modification  suggested  by  Weinrich:  The 
preparations  are  fixed  by  drawing  through  the  flame  of  a  Bunsen 
burner  and  are  then  stained  for  from  one  to  two  minutes  in  Frankel's 
carbol-gentian-violet  solution  (10  parts  of  a  saturated  alcoholic 
solution  of  gentian  violet  to  90  parts  of  a  2.5  per  cent,  solution  of 
carbolic  acid).  Without  washing  they  are  placed  for  one  to  three 
minutes  in  Lugol's  solution  (1  gram  of  iodine,  2  grams  of  potassium 
iodide,  and  300  c.c.  of  distilled  water),  and  again  without  washing 
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in  absolute  alcohol,  until  the  alcohol  ceases  to  extract  color  (about 
one  and  one-half  minutes);  they  are  now  washed  in  water,  counter- 
stained  with  Bismarck  brown,  washed,  dried,  and  mounted.  The 
Bismarck-brown  solution  is  prepared  as  follows:  3  grams  of  the  dye 
are  dissolved  in  70  c.c.  of  hot  water;  30  c.c.  of  96  per  cent,  alcohol 
are  added;  the  mixture  is  well  stirred  and  filtered. 

The  organism  grows  best  on  blood  and  hydrocele  agar.  The  sur- 
face colonies  are  pale,  grayish,  translucent,  and  finely  granular,  with 
finely  notched  borders.  In  bouillon  and  blood  serum  mixed  it  fonns 
a  membrane,  while  the  fluid  remains  clear. 

WTien  no  discharge  can  be  obtained  from  the  urethra,  or  an  exam- 
ination of  such  discharge  is  negative,  positive  results  may  at  times 
still  be  obtained  if  some  of  the  gonorrheal  threads  are  examined, 
which  may  be  found  floating  in  the  urine.  In  these  the  organisms 
can  occasionally  be  demonstrated  after  months  and  even  years  have 
elapsed  after  primary  infection. 

Literature. — Janowski,  Arch.  f.  exper.  Pathol.,  1895,  vol.  xxxvi,  p.  15.  L. 
Michaelis  and  A.  WolflF,  **Die  Lymphocyten,"  Deutsch.  med.  Woch.,  1901,  yd, 
xxvii,  p.  651 .  A.  Pappenheim,  Virenow's  Arcliiv,  1901,  vol.  clxix,  p.  72.  Neisser, 
Centralbl.  f.  d.  med.  Wiss.,  1879,  vol.  xvii,  p.  497.  J.  Plato,  "Ueber  Gonokok- 
kenfarbung  mit  Neutralroth,"  etc.,  Berlin,  klin.  Woch.,  1899,  p.  1085.  E.  H 
Owings,  "The  Infectiousness  of  Chronic  Urethritis,"  Bull.  Johns  Hopkins  Hoep., 
1897,  p.  210.  H.  H.  Young,  ''Welch  Festschrift,"  Johns  Hopkins  Press,  1900. 
p.  677. 

Putrid  Exudates. 

Putrid  exudates  are  observed  following  perfonition  of  a  gangren- 
ous focus  or  of  a  gastric  or  intestinal  ulcer  into  one  of   the  body 
cavities.     At  other  times  they  are  encountered  in  cases  of  neoplasm, 
and  at  times  even  without  aj)parent  cause.     The  material  obtained 
in  such  cases  has  a  brown  or  brownish-green  color,  and  emits  an 
odor  which  in  itself  indicates  the  character  of  the  exudate.     Micro- 
scopically, cholesterin,  hematoidin,  and  fatty  acid  crj^stals,  as  well 
as  degenerating  leukocytes,  are  found.     In  cases  in  which  aspiration 
of  a  higher  intercostal  space  reveals  the  presence  of  serous  fluid, 
while  putrid  material  is  obtained  at  a  lower  point,  the  existence  of  a 
sub])hrenic  abscess  should  be  suspected.      In  such  cases  a  pure  cul- 
ture of  the  Bacillus  coli  communis  has  been  obtained.    The  reaction 
of  putrid  exudates  is  usually  alkaline,  but  an  acid  reaction  may  be 
obtained  in  cases  of  perforation  of  a  gastric  ulcer;  the  Sarcina  ven- 
triculi  and  saccharomyces  may  then  also  be  foimd. 

Chylous  and  Ghyloid  Exudates. 

Chylous   and   chyloid   exudates   have   been   repeatedly   observed. 
They  are  most  fretpiently  met  with  in  the  abdominal  cavity  (one 
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hundred  and  four  times  out  of  a  total  number  of  one  hundred  and 
fifty-five,  which  have  thus  far  been  reported),  less  commonly  in  the 
pleural  cavity  (forty-nine  times),  and  only  rarely  in  the  pericardial  sac 
(twice  only)  (1904).  Among  the  causes  which  may  lead  to  chylous 
ascites  the  following  are  recognized  (in  the  order  of  their  frequency) : 
compression  of  the  thoracic  duct  or  the  lymphatic  vessels  by  glandular 
enlargements,  neoplasms,  etc.;  non-tuberculous  peritonitis;  occlusion 
of  the  left  subclavian;  excessi\e  pressure,  strain,  cough;  peritoneal 
carcinoma;  filariasis;  occlusion  of  the  thoracic  duct;  occlusion  of  lymph 
vessels,  external  pressure;  diseases  of  the  liver,  syphilis,  primary 
disease  of  the  lymph  vessels,  angioma,  calculus  of  the  receptaculum 
chyli,  and  Hodgkin's  disease.  Quincke  believes  that  the  two  forms 
can  be  etiologically  distinguished  from  one  another  by  means  of  a 
microscopic  examination,  as  the  cloudy  appearance  in  the  chyloid 
form  is  usually  referable  to  the  presence  of  endothelial  or  epithelioid 
cells  undergoing  fatty  degeneration.  Later  observations,  however, 
have  shown  that  the  diiferentiation  of  the  two  forms  cannot  be  made 
U[X>n  this  basis,  as  the  same  anatomical  lesion,  such  as  carcinoma  or 
tuberculosis,  may  at  times  give  rise  to  the  formation  of  a  chylous 
exudate,  at  others  to  that  of  the  chyloid  form,  and  both,  moreover, 
may  coexist.     An  instance  of  this  kind  is  described  by  Wilson. 

Senator  claimed  that  the  presence  of  more  than  traces  of  sugar  is 
strongly  suggestive  of  the  chylous  nature  of  the  exudate.  Possibly 
this  observation  may  be  of  some  value,  but  only  the  presence  of  more 
than  0.2  per  cent,  is  of  value.  Of  greater  significance  is  the  fact  that 
in  chylous  fluid  the  melting  point  of  the  fat  will  depend  upon  the 
melting  point  of  the  fat  which  was  taken  in  as  food,  while  this  is  not 
the  case  in  chyloid  effusions.  The  amount  of  fat,  moreover,  which 
is  present  is  influenced  directly  by  the  amount  ingested  in  the  first 
instance. 

Occasionally  one  can  get  the  distinct  odor  of  the  food  which  has 
been  taken,  in  chylous  exudates,  while  in  the  chyloid  type  this  would 
hardly  be  expected. 

Chylous  exudates  in  their  general  appearance  resemble  milk,  while 
chyloid  fluid  is  more  suggestive  of  pus.  The  turbidity  in  both  cases 
is  usually  referable  to  the  presence  of  innumerable  fat  globules, 
which  are  especially  abundant  in  the  chylous  form.  In  chyloid 
exudates  the  origin  of  the  fat  from  cellular  elements  is  often  appar- 
ent at  once;  but,  as  has  been  said,  it  is  impossible  to  draw  definite 
etiological  conclusions  from  that  difference.  Some  chyloid  exudates 
contain  no  fat  at  all,  and  Lion  has  shown  that  the  milky  appearance 
in  such  cases  is  owing  to  the  presence  of  a  curious  albuminous  sub- 
stance, belonging  to  the  class  of  nucleo-albumins.  Bemert,  on  the 
other  hand,  claims  that  the  substance  in  question  belongs  to  the 
globulins,  and  is  closely  associated  with  certain  lecithins.  A  similar 
observation  is  recorded  by  Micheli  and  Mattirolo. 
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Edsall  (cited  by  Wilson)  reported  an  instance  of  non-fatty  pleml 
effusion,  the  opacity  of  which  was  due  to  altered  globulins. 

Chemical  analysis  of  a  chylous  exudate  (pleural)  from  a  case  of 
Hodj^dn's  disease,  which  Campbell  made  in  my  laboratory,  showed 
the  following  result : 
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The  specific  gravity  was  1.020. 

The  cytological  formula  in  such  exudates  has  as  yet  received  but 
little  attrition.  In  Campbell's  case  only  a  small  number  of  leuko- 
cytes was  present  and  most  of  these  were  of  the  lymphocytic  type. 
In  Muttermilch's  case  lymphocytes  were  said  to  preponderate;  in 
addition  there  were  sm^  numbers  of  neutrophilic  leukocytes,  con- 
taining fat  granules,  t(^ther  with  eosinophilic  cells  and  a  very  few 
red  cells.  In  the  mixed  case  of  Wilson  die  lymphocytes  numbered 
76  per  cent.,  and  the  large  mononuclear  cells  22  per  cent. 

Lftbrature. — Quincke,  loe.  cit.  Boulengier,  Schmidt's  Jahrb.,  1890,  vol 
ccxxvi,  p.  28.  Wilson,  Amer.  Jour.  Med.  Sci:,  October,  1905.  Boston,  Jour. 
Amer.  Med.  Assoc.,  February  18, 1905.  Micheli  and  Mattirolo,  Wien.  klin.  Woch., 
1900,  No.  3.  Muttermilch,  Zeit.  f.  klin.  Med.,  vol.  xlvi,  p.  123.  Shaw,  Jour. 
Pathol,  and  Bacter.,  vol.  vi,  1900. 


Ezamination  of  Syphilitic  Material. 

Spirochsete  Pallida.— Through  the  researches  of  Schaudinn  and 
Hoffmann  it  has  been  ascertained  that  in  primarj'  and  sec^ondary 
syphilitic  lesions  a  spirochete  can  be  demonstrated  which  probably 
represents  the  cause  of  the  disease.  Their  results  have  been  abun- 
dantly verified  both  abroad  and  in  the  United  States.  The  organism 
has  been  demonstrated  in  the  scrapings  obtained  from  chancres, 
incised  papules  and  condylomata,  ana  in  smears  from  mucous  patches 
and  the  aspirated  juice  of  the  inguinal  glands.  Schaudinn  and  Hoff- 
mann could  further  demonstrate  the  organism  in  the  blood  obtained 
by  puncture  of  the  spleen  in  a  recent  case  of  syphilis  on  the  day  pre- 
ceding the  eruption.  Levaditi  found  it  in  the  vesicular  contents  of 
pemphigus  syphiliticus.  Buschke  and  Fischer,  Babes  and  Panea, 
and  Levaditi  found  the  spirocha^te  in  the  internal  organs  of  children 
which  had  died  of  congenital  syphilis,  as  also  in  the  blood,  and 
Metschnikoff  could  demonstrate  it  in  the  lesions  of  artificial  syphilis 
in  the  ape. 

The  Spirochfiete  pallida  derives  its  name  from  its  low  refractive 
power  and  the  difficulty  with  which  it  takes  up  aniline  dyes  (this 
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especially  in  contradistinction  to  the  Spirochtete  refringens).  It  is 
a  verj-  delicate  structure,  usually  presenting  10  to  40  deep  spiral  incur- 
vations with  the  larger  specimens,  or  only  2  to  4  in  the  smaller  ones. 
The  length  varies  from  4  to  10  /*  with  7  /<  as  an  average;  the  width 
does  not  exceed  0.5  /*.  In  the  wet  preparation  it  may  be  observed 
that  its  movements  occur  in  an  oscillatory  manner  about  the  longi- 
tudinal axis,  and  that,  in  contradistinction  to  the  spirilla,  the  move- 
ments of  the  spirochsete  are  winding,  bending,  and  whipping,  while  in  ■ 
the  spirilla  the  longitudinal  axis  remains  rigid.  Schaudinn  also 
demonstrated  the  existence  of  a  flagellum  at  each  end,  while  the  other 
spirochetas  have  an  undulating  membrane.  (See  Plate  XXII  and 
Fig.  171). 


Sttining  Methods. — Excellent  results  are  obtained  with  Goldhom's 
stain  (which  see).  To  this  end  the  smears,  on  slides  or  covers,  are 
covered  with  the  dye  for  three  or  four  seconds,  when  the  excess  is 
drained  off.  The  specimens  are  then  introduced  slowly  into  clean 
water  with  the  film  side  down,  permitting  in  this  manner  an  interaction 
between  the  filmof  adheringdyeand  the  water.  The  slide  is  held  in 
this  slanting  position  for  another  four  or  five  seconds  and  is  next  shaken 
in  the  water  so  as  to  wash  off  the  excess  of  the  dye.  The  pallida 
appears  of  a  violet  color,  which  may  be  changed  to  bluish  black  by 
flooding  the  preparation  for  fifteen  to  twenty  seconds  with  Gram's 
iodine  solution,  washing  and  drying  as  usual.  The  examination  is 
conducted  with  a  -xV  or  j'j  immersion  len.s. 

The  material  should  in  all  cases  be  obtained  by  curettage,  this 
being  carried  so  far  until  a  small  amount  of  serum  and  blood  appears, 
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and  preferably  at  the  edge  of  the  tesion.  The  serous  fluid  is  dm 
spread  upon  i^des  or  covers  in  the  usual  mann^.  The  organisms 
are  most  num«x>us  in  moist  papules  and  chancres  (when  the  curettage 
is  carried  out  at  the  edge  at  the  lesicm).  In  roseolar  scra[nngs  the 
search  is  frequently  disappointing. 

Giemsa's  method  also  furnishes  excellent  results.  I  have  reaHoi- 
mended  a  dilute  alcohoUc  solution*  of  Victoria  blue.  Keidel  finds 
that  steaniing  the  specimens  with  this  solution  for  a  minute  or  two 
f  umbhes  good  results. 

LrrKRATURs. — Sehaudinn  and  HoffmaniL  Aibeiten  aus  d.  kan.  CSesundlieitt- 
amte,  1905,  vol.  xxii,  p.  527;  Deutseh.  med.  Woeh.,  1005,  No.  18,  p.  711;  BediL 
Idin.  Woch.,  1905,  May  29,  p.  673.  Metachnikoff  and  Roux,  Le  buHfitin'mAl, 
May  17,  1905,  p.  441.  LevaditI,  La  semaine  m^.  May  24, 1905,  p.  247.  Hoff- 
mann,  BeiUn.  Uin.  Wooh.,  1905,  No.  22,  p.  073.  Fanoni,  Med.  News,  Oetcte, 
1905.  Babes  and  Ftenea,  Beiiin.  Idin.  ViToeh.,  1905,  No.  28,  p.  865.  Maber, 
ibid.,  No.  36,  p.  1144.    Qoldhom,  Jour.  Eicper.  M^d.,  1906,  y6L.  viii,  No.  3. 


CHAPTER    IX. 
THE  CEREBROSPINAL  FLUID. 

According  to  our  present  knowledge,  the  cerebrospinal  fluid  is 
secreted  by  the  choroid  plexuses  into  the  lateral  ventricles.  Passing 
through  the  foramina  of  Monro,  the  third  ventricle,  and  the  aque- 
duct of  Sylvius,  on  the  one  hand,  it  reaches  the  fourth  ventricle  and 
enters  the  cystem-like  subarachnoid  spaces  at  the  base  of  the  brain, 
through  the  foramen  of  Magendie  and  the  lateral  clefts  of  the  fourth 
ventricle.  On  the  other  hand,  a  certain  portion  of  the  fluid  reaches 
the  same  destination  directly  through  the  cleft  in  the  descending  horn 
of  each  lateral  ventricle.  The  larger  portion  of  the  fluid  then  passes 
upward  through  the  subarachnoid  spaces  along  the  convexity  of  the 
brain  to  the  Pacchionian  granulations,  while  the  smaller  portion 
enters  the  vertebral,  canal  through  the  subarachnoid  spaces  of  the 
spinal  arachnoid  membrane. 

Within  recent  years  puncture  of  the  vertebral  canal  has  been 
frequently  resorted  to,  both  for  therapeutic  and  diagnostic  purposes. 
The  practical  value  of  this  method  of  diagnosis  is  now  beyond  ques- 
tion, and  it  is  to  be  hoped  that  ere  long  physicians  will  resort  to 
spinal  puncture  in  obscure  cases  of  cerebrospinal  disease  with  as 
little  hesitancy  as  puncture  of  the  thoracic  and  abdominal  cavities  is 
now  practised.^ 

The  operative  method  to  be  employed  is  the  following:  With  the 
patient  placed  upon  his  left  side — some  observers  prefer  the  sitting 
posture — ^and  the  body  bent  well  forward,  a  long  aspirating  needle 
is  introduced  upon  a  level  with  the  lower  third  of  the  third  or  fourth 
lumbar  spinous  process,  and  about  1  cm.  to  the  side  of  the  median 
line,  the  needle  being  directed  slightly  upward  and  inward.  The 
depth  to  which  it  is  necessary  to  puncture  will,  of  course,  vary  with 
the  age  of  the  patient.  In  a  child  two  years  of  age  the  vertebral 
canal  may  be  reached  at  a  depth  of  2  cm.,  while  in  the  adult  it  is 
necessary  to  insert  the  needle  for  a  distance  of  from  4  to  8  cm.  As 
soon  as  the  subarachnoid  space  is  reached  cerebrospinal  fluid  will 
flow  from  the  needle.     Aspiration  should  always  be  avoided. 

Some  writers  have  advised  that  the  operation  be  performed  under 

»  H.  Quincke,  Verhandl.  d.  X  Cong;,  f.  inn.  Med.,  1891.  A.  Hand,  "  A  Critical 
Summary  of  the  Literature  on  tlie  Dia^ostic  and  Therapeutic  Value  of  Lumbar 
Puncture,"  Amer.  Jour.  Med.  Sci.,  1900,  vol.  cxx,p.463.  A.  Stadelmann,  *'Klin- 
ische  Erfahrungen  mit  d.  Lumbalpunction/'  Deutach.  med.  Woch.,  1897,  p.   745. 
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narcosis;  and  without  doubt  this  may  be  necessary  at  times,  particu- 
larly when  contracture  of  the  dorsal  muscles  exists.  In  the  majority 
of  cases,  however,  it  is  not  necessary  and  local  anesthesia  will  suffice. 

Amount. — So  far  as  I  have  been  able  to  ascertain,  no  observations 
have  been  made  regarding  the  amount  of  fluid  which  may  be  obtained 
by  puncture  in  normal  individuals.  In  all  probability,  however,  this 
is  small.  Under  pathological  conditions  the  amount  may  vaiy  from 
a  few  drops  to  100  c.c,  and  even  more.  In  general  terms  it  may 
be  stated  that  the  amount  is  directly  proportionate  to  the  degree  of 
intracranial  pressure.  Exceptions,  however,  are  frequent.  Small 
amounts  of  cerebrospinal  fluid  or  none  at  all  may  thus  be  obtained 
when,  owing  to  the  formation  of  a  thick  exudate  or  the  existence  of 
a  cerebral  tumor,  communication  between  the  basilar  subarachn(nd 
spaces  of  the  brain  and  those  of  the  spinal  cord  has  been  interrupted. 
Whenever,  then,  symptoms  of  intracranial  pressure  exist,  while  no 
fluid  or  minimal  amounts  only  can  be  obtained  by  puncture,  the 
conclusion  will  usually  be  justifiable  that  we  are  dealing  with  a 
purulent  meningitis  or  with  a  tumor  of  the  brain,  and  more  especially 
of  the  cerebellum.  It  should  be  remembered,  however,  that  the 
same  result  may  be  obtained  in  cases  of  obliteration  of  the  aqueduct 
of  Sylvius,  or  when  sclerotic  processes  involve  the  foramen  of 
Magendie,  which  is  occasionally  observed  in  certain  forms  of  hydro- 
cephalus. Adhesions  of  the  pia  mater  to  the  arachnoid  and  the 
dura  mater  may,  by  interfering  with  the  flow  of  cerebrospinal  fluid, 
also  lead  to  the  formation  of  hydrocephalus,  but  in  these  eases  a 
tumor  can  usually  be  excluded,  as  the  changes  in  question  always 
develop  as  sequels  to  a  meningitis.  A  serous  or  tuberculous  menin- 
gitis, as  well  as  acute  hydrocephalus  and  tetanus,  can,  however, 
always  he  excluded  when  only  minimal  amounts  of  fluid  are  obtained 
by  puncture.  The  largest  amounts,  on  the  other  hand,  are  seen  in 
cases  of  serous  meningitis,  tuberculous  meningitis,  and  cerebral  tumors, 
which  do  not  interfere  with  the  circuilation  of  the  cerebrospinal 
fluid.  In  the  epidemic  type  of  meningitis  70  to  80  c.c.  can  usually 
be  obtained  very  readily.  In  epilepsy  Pellagrini  usually  obtained 
amounts  varying  between  10  and  15  c.c.^  Donath  gives  rather  higher 
figures,  up  to  60  c.c,  and  in  a  tabes  case  85  c.c. 

Appearance. — Normal  cerebrospinal  fluid,  as  well  as  that  obtained 
in  cases  of  serous  meningitis,  tuberculous  meningitis,  hydroc*ephalus, 
and  tumors  of  the  brain,  is  perfectly  clear,  and  as  a  rule  colorless 
unless  a  small  bloodvessel  has  been  punctured,  when  the  fluid  may 
present  a  slightly  reddish  tinge.  More  or  less  pronounced  yellow 
shades  are,  however,  at  times  observed.  Important  from  the  stand- 
point of  diagnosis  is  the  fact  that  in  cases  of  hemorrhage  into  the 
ventricles  pure  blood  is  obtained,  while  such  a  result  is,  of  course,  a 

'  La  Rifonna  mod.,  1901,  Ann.  17,  vol.  ii,  p.  638. 
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mechanical  impossibility  in  cases  of  epidural  hematoma.  In  subdural 
hematoma,  on  the  other  hand,  blood  may  also  find  its  way  into  the 
subarachnoid  space,  but  the  amount  is  always  small,  and  cannot  be 
compared  with  that  seen  in  cases  of  ventricular  hemorrhage.  When- 
ever, then,  as  in  traumatic  cases  with  severe  cerebral  symptoms,  the 
surgeon  is  confronted  with  the  question  whether  or  not  to  trephine, 
puncture  of  the  subarachnoid  space  may  furnish  much  valuable 
information.  If  in  such  cases  no  blood  at  all  is  found,  it  may  be 
inferred  that  an  epidural  hematoma  or  a  subdural  hematoma  of 
slight  extent  only  exists;  an  operation  may  then  be  performed.  If, 
however,  pure  blood  is  encountered,  it  would  be  justifiable  to  assume 
the  existence  of  extensive  injury  to  the  brain  substance  proper,  or, 
in  cases  in  which  the  history  is  obscure,  an  intracerebral  hemorrhage 
with  rupture  into  the  ventricles.  In  such  cases  the  idea  of  an  oper- 
ation would,  of  course,  be  entertained  only  under  exceptional  con- 
ditions. If,  further,  the  fluid  is  only  tinged  with  blood,  a  subdural 
hematoma  probably  exists,  and  an  operation  should  be  advised. 
Accidental  hemorrhage,  viz.,  hemorrhage  referable  to  the  puncture 
itself,  can  be  readily  recognized,  as  the  first  few  drops  only  are  then 
tinged  with  blood,  or  the  blood  appears  only  after  the  flow  has  been 
definitely  established;  the  amount,  moreover,  is  insignificant. 

Cloudy  fluid  is  obtained  in  all  cases  of  purulent  meningitis  unless 
the  disease  is  limited  to  a  very  small  area.  In  the  epidemic  type, 
however,  it  may  be  quite  clear,  or  but  slightly  cloudy.  Cases  of  ab- 
scess of  the  brain  or  sinus  thrombosis  occur  again  and  again  in  which 
the  question  as  to  the  advisability  of  operative  interference  is  largely 
dependent  upon  the  presence  or  absence  of  a  complicating  purulent 
meningitis.  In  certain  instances  a  satisfactory  conclusion  may,  of 
course,  be  reached  without  puncture;  but  in  many  others  this  is 
impossible,  and  Lichtheim's  dictum,  that  an  operation  should  never 
be  undertaken  in  such  cases  unless  the  integrity  of  the  meninges  has 
been  established  by  spinal  puncture,  should  be  borne  in  mind. 

The  degree  of  cloudiness  naturally  varies  in  different  cases,  and 
while  in  some  instances  the  character  of  the  fluid  is  seropurulent, 
pure,  creamy  pus  may  be  found  in  others.  Generally  speaking,  a 
cloudy  fluid  indicates  the  existence  of  an  acute  inflammatory  process 
or  an  exacerbation  of  a  chronic  process. 

Important,  furthermore,  is  the  fact  that  the  fluid  in  non-inflam- 
matory diseases  of  the  brain,  such  as  tumor  or  abscess,  rarely  under- 
goes coagulation,  while  this  is  the  rule  in  all  inflammatory  diseases. 
In  tuberculous  meningitis  the  coagula  are  very  delicate,  and  may  be 
well  compared  with  spider-webs  extending  throughout  the  fluid,  while 
in  purulent  meningitis  the  coagula  are  somewhat  firmer. 

Specific  Gravity. — ^^fhe  specific  gravity  of  cerebrospinal  fluid 
normally  varies  between  1.005  and  1.007,  corresponding  to  the  pres- 
ence of  from  10  to  15  pro  mille  of  solids.     Under  pathological  con- 
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ditions  variaticHis  from  1.003  to  1.012  may  be  observed,  the  ^edfic 
gravity,  generally  speaking,  being  high»  in  the  inflammatoiy  thaa 
in  the  non-inflaininatoiy  diseases  of  the  brain.  From^a  diagnostie 
standpoint,  however,  the  determination. of  the  spedfic  gravit]^  is  of 
little  value,  as  numerous  excepfyma  occur  to  the  above  rale. 
The  reaction  b  always  alkaline. 


OHnaoAL  ooKPOunov  of  osbbbrospival  num. 

An  idea  of  the  chemical  composition  of  the  cerebro^inal  fluid  may 
be  formed  from  the  following  analyses,  taken  from  Gautiar  sod 
Zdarek: 

PWOTMl. 

Water 987.00 

Albumin 1.10 

Fat 0.00 

Chdesterin 0.21 

Alcoholic  and  aqueou»  extract,  minus  salts  \  o  ^j; 

Sodium  lactate / ^*'** 

Chlorides 6.14 

Earthy  phosphates 0.10 

Sulphates ^.     .     .  0.20 

Zdaksk's  Analysis. 

Water 969.54 

Solids 10.45 

Organic  solids 2.09 

Mineral  ash 8.35 

Albumins 0.76 

Ethereal  residue 0.35 

Aqueous  residue 8.22 

Sulphuric  acid  (SO,) 0.04 

Chlorine •  .      .      .  4.24 

Carbon  dioxide 0.49 

Potassium  oxide 0.16 

Sodium  oxide 4 .  29 

Mineral  ash,  insoluble  in  water 0.16 

Glucose 0.10 

In  addition,  urea  is  at  times  found,  as  also  a  substance  which 
reduces  Fehling's  solution  and  gives  rise  to  a  brown  color  wh«i 
boiled  with  caustic  potash,  but  which  neither  undergoes  fermentation 
nor  forms  an  osazone  when  treated  with  phenylhydrazin.  The  sub- 
stance in  question  is  generally  regarded  as  pyrocatechin.  Its  amount 
varies  between  0.002  and  0.116  per  cent.  According  to  C.  Ber- 
nard, glucose  may  also  be  present,  but  it  is  questionable  whether 
this  is  the  case  imder  normal  conditions  (see  below).  Nawratzki 
discovered  a  reducing  substance  in  his  cases,  which  was  demon- 
strated to  be  glucose;  his  subjects',  however,  were  unfortunately  not 
normal,  but  general  paretics  with  fever.  Pyrocatechin  was  absent. 
Zdarek^  reports  a  recent  case  of  anterior  meningocele  in  an  otherwise 

*  Zeit.  f.  phys.  Chem.,  1902,  vol.  xxxv,  p.  202 
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normal  individual  in  which  the  fluid  reduced  Fehling's  solution  and 
gave  a  glucosazone  with  phenylhydrazin.  The  substance  in  question 
was  dextrorotatory,  the  amount  equalling  0.1  per  cent,  of  glucose. 

Lichtheim  claims  to  have  found  glucose — by  means  of  the  phenyl- 
hydrazin test — in  all  cases  of  tumor  which  he  examined.  In  cases 
of  tuberculous  meningitis,  on  the  other  hand,  a  positive  result  was 
only  exceptionally  obtained.  Quincke  also  reports  that  he  was  able 
to  demonstrate  the  presence  of  sugar  whenever  the  liquid  obtained 
was  sufficient  in  amount  for  the  necessary  tests.  Unfortunately, 
however,  he  does  not  detail  his  cases.  Concetti  found  no  sugar  in 
hydrocephalic  fluid. 

The  experience  of  other  observers  does  not  agree  with  that  of 
Lichtheim  and  Quincke;  and  Ftirbringer,'  who  has  thus  far  reported 
the  largest  number  of  spinal  punctures,  found  sugar  in  only  2  cases 
of  diabetes  associated  with  tuberculosis. 

So  far  as  the  albuminous  bodies  are  concerned  which  may  be  found 
in  the  cerebrospinal  fluid,  serum  albumin  is  said  to  be  present  only 
under  exceptional  conditions,  while  normally  a  mixture  of  globulin 
and  albumoses  is  found.  The  question  whether  or  not  mucin  may 
also  be  present  is  still  undecided.^ 

Under  pathological  conditions  the  amount  of  albumin  may  vary 
considerably,  and  is  of  diagnostic  importance.  According  to  the 
majority  of  observers,  the  figure  given  in  the  above  analysis  is  too 
high,  and  it  is  doubtful  whether  1  pro  mille  may  be  regarded  as 
normal.  The  lowest  values  have  been  obtained  in  cases  of  chronic 
hydrocephalus  (traces  only),  meningitis  serosa  (0.5  to  0.75  pro  mille), 
and  tumors  of  the  brain  (traces  to  0.8  pro  mille);  while  the  largest 
amounts  have  been  found  in  chronic  hydrocephalus  the  result  of 
hyperemia  (1  to  7  pro  mille),  and  in  tuberculous  meningitis  (1  to  3 
pro  mille).  Nawratzki  in  recent  examinations  found  amounts  vary- 
ing between  0.047  and  0.170  per  cent.,  but  the  subjects  of  his  investi- 
gation had  fever  at  the  time.  Mott  and  Halliburton'  found  three 
times  the  normal  amount  of  albumin  in  paralytics,  as  also  some 
nucleo-albumin,  which  does  not  occur  in  health.  The  latter  they  sup- 
pose to  come  from  broken-down  Nissl  bodies. 

Cholin. — According  to  Gumprecht,  the  normal  cerebrospinal  fluid 
also  contains  traces  of  cholin.  Donath  obtained  positive  results 
(using  10  to  20  c.c.)  in  15  cases  of  genuine  epilepsy  out  of  18,  three 
times  in  3  cases  of  Jacksonian  epilepsy,  once  in  a  case  of  syphilitic 
epilepsy,  twice  in  3  cases  of  dementia  paralytica,  once  in  2  cases  of 
taboparalysis,  ten  times  in  15  cases  of  tabes  dorsalis,  three  times  in  3 

>  Verhandl.  d.  XV  Cong.  f.  inn.  Med.,  1901. 

'  Stadelmann,  Mitth.  a.  d.  Grenzgebieten  d.  Med.  u.  Chir.,  vol.  ii.  Comba,  Clin, 
med.,  1899  (cited  in  Arch.  d.  iti^d.  d.  enfants,  1900).  Lenhartz,  Verhandl.  d. 
XIV  Ck)ng.  f.  inn.  Med.,  1900. 

»  The  Lancet,  April,  1901. 
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cases  of  c^ebral  sypUUs,  twice  in  2  cases  of  cerdxal  abscess,  oDce  in 
a  case  of  encephalomalaciay  cnce  m  a  case  of  spina  biiSda,  once  m  a 
case  of  compres»on  my^tis»  once  in  a  case  of  alcoholic  polyneuritis, 
once  in  3  cases  of  nenrasAenia,  and:  once  in  3  cases  of  bjsCero- 
epik^.  NegBtJ&ve  lesults wei«  obtained  in  2cases of  Igrsteria and k 
multiple  cerebrospmal  sclerosis. '  Quantitative  estimaticxis  werenuuk 
in  10  cases;  the  amoimts  varied  betweoi  0.021  and  0.046  per  cent 

MeUwd. — ^According  to  Donath/  the  cerdbio^inal  fluid  (10  to 
30  c.c.)'is  collected  in  test-tubes,  feel^  addified  with  dilute  hydro- 
chloric acid,  and  evaporated  to  drynsaa  cm  the  water  badu  Ik 
diurk  (orange  yellow  to  dark  brown)  residue  b  e]|i:tracted  with  o&iobfe 
atcoho!  (99  per  cent  is'uot  su£5dent),  and  the  filtered  solution  trailed 
with  asolution  of  platinum  chloride  in  abmdvie  alcohoL  On  standmg 
the  chloroplatinate  of  cholin  separates  out  This  can  be  identified 
by  its  ready  solulnlity  in  cold  water  (as  omtrasted  with  the  voy 
sU^l  dcdubility  of  potasaum  and  anmionium  platinodiloride)  nd 
its  very  characteristic  crystals.  Tlese  are  usuaUy  s^rated  and  kii- 
ceoktted  or  leaf-wreath  or  rosette  jdiaped,  the  latter  with  three  or 
four  leaves.  Occasionally  th^areradiate  needles,  orneedfesarmiiged 
in  sheaves  (obliquely  cut  prisms)  or  hexagcmal  or  rhomUc  jdatriets. 
Th^  are  commonly  tinged  yellow,  but  if  v&j  thin  (espeaa%  die 
needles)  they  appear  coloriess.  Ilie  crysti^  are  best  obtained  by 
allowing  a  few  drops  of  their  aqueoui  solution  to  evaporate  on  a  sBde 

The  alkaline  pkttinochloride^  appear  as  octohedra  or  tetrahedn, 
which  may  have  blunt  angles;  but  according  to  Donath  they  are  never 
seen  with  the  method  as  above  outlined  (using  absolute  alcohol- 
alcohol  dehydrated  with  anhydrous  copper  sulphate  and  kept  over 
this). 

Another  delicate  reagent  for  cholin  in  aqueous  solution  is  phos- 
photungstic  acid.  In  dilute  solutions  a.  white  precipitate  will  form 
which  appears  under  the  microscope  as  composed  of  small  hexagonal 
plates  or  rhomboids.  As  chloride  of  potassium  and  ammonium  will 
also  give  a  precipitate  with  phosphotungstic  acid,  the  extract  in 
absolute  alcohol  (see  above)  should  be  filtered,  the  alcohol  evapo- 
rated, and  the  residue  dissolved  in  water. 

The  physiological  test  fof  cholin,  viz.,  fall  in  blood  pressure  follow- 
ing its  intravenous  injection  in  aqueous  solution,  is  usually  unnecessary. 

Coriat^  found  cholin  invariably  present  in  general  paresis,  also  in 
1  case  of  central  neuritis,  in  2  alcoholic  cases  with  polyneuritis,  in  1 
of  senile  dementia,  in  1  of  senile  dementia  associated  with  a  tumor 
in  the  corpus  callosum,  in  1  of  traumatic  organic  dementia,  also 
associated  with  a  tumor  of  the  corpus  callosum.  The  largest  amounts 
were  found  in  paresis.  Lecithin  was  found  twice  by  Donath,  once  in 
a  tabes  case  and  once  in  Jacksonian  epilepsy. 

*  Med.  News,  January  21,  1905. 
'  Amer.  Jour.  Insanity,  1904,  No.  4. 


MICR  OSCOPIC  EX  A  MINA  TION  615 


MI0RO80OPI0  EXAMINATION. 

Cytology. — Normal  cerebrospinal  fluid  contains  either  no  morpho- 
logical elements  at  all  or  only  a  small  number  of  lymphocytes  (three  to 
eight  to  a  field,  with  a  medium  power).  Deviations  from  this 
normal  condition,  as  has  been  first  shown  by  Widal,  Ravaut,  Sicard, 
and  others,  may  be  of  marked  diagnostic  value. 

Aside  from  tuberculous  meningitis  in  which  lymphocytosis  is  practic- 
ally constant  an  increased  number  of  lymphocytes  has  been  observed  in 
syphilitic  lesions  of  the  central  nervous  system  (general  paresis,  tabes, 
cerebrospinal  syphilis,  syphilitic  hemiplegia),  in  certain  cases  of 
herpes  zoster,  sciatica,  and  parotitis.  Of  these  the  syphilitic  cases  are 
most  important,  but  it  is  to  be  noted  that  the  increase  may  be  inter- 
mittent and  paroxysmal.  As  a  rule  it  is  well  marked.  Lymphocytosis 
also  occurs  in  lead  intoxication  and  in  saturnine  encephalopathy  it 
may  be  quite  intense.  The  same  has  been  noted  in  African  sleeping 
sickness.  Negative  results  have  been  obtained  in  poliomyelitis, 
syringomyelia,  the  hemiplegia  of  old  age,  polyneuritis,  functional 
neuroses,  compression  myelitis,  cerebral  tumors,  and  epilepsy. 

According  to  Niedner,  lymphocytosis  is  quite  constant  in  syphilitic 
hemiplegia,  while  it  is  inconstant  in  tabes.  Of  9  cases  reported  by 
Niedner  and  Mamlock,*  lymphocytosis  occurred  in  5.  In  general 
paresis  lymphocytosis  is  very  common. 

In  the  epidemic  form  of  cerebrospinal  meningitis  the  predominat- 
ing cell  is  the  polynuclear  neutrophile,  excepting  in  chronic  cases 
where  lymphocytes  may  prevail.  This  cell  also  enters  into  the 
foreground  as  recovery  occurs. 

Donath  summarizes  his  results  in  98  cases  as  follows:  In  acute 
and  purulent  meningitis  polynuclear  leukocytes  prevail;  in  chronic 
or  less  intense  processes,  especially  in  tuberculous  meningitis,  lymph- 
ocytes predominate.  In  the  differential  diagnosis  of  syphilitic  men- 
ingitis, the  early  stages  of  tabes  and  of  general  paresis,  from  neurotic 
conditions  and  other  malignant  processes,  lymphocytosis  points  to 
the  first  group.  In  tetanus  a  large  number  of  polynuclear  neutro- 
philes  may  also  occur. 

While  in  cerebrospinal  meningitis  referable  to  the  Diplococcus 
pneumoniae  polynuclear  leukocytosis  is  probably  the  rule,  exceptions 
occur.  Goggia*  thus  reports  a  fatal  case  in  which  daily  examina- 
tions showed  a  predominance  of  the  small  mononuclear  elements 
throughout  the  course  of  the  disease. 

In  connection  with  cerebral  hemorrhage  (especially  hemorrhage 
into  the  ventricles)  Sabraz^  and  Muratet'  have  described  the  occur- 

'  Zeit.  f.  klin.  Med.,  1904,  Heft  1  and  2. 
'  Gaz.  d.  Osppd.  e.  d.  elin.,  1905,  No.  13. 
»  See.  d.  biol.,  1903,  pp.  1226  and  1435. 
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rence  of  large,  round,  oval,  or  polyhedral  cells,  either  singly  or  in 
plaques,  provided  each  with  a  single  oval  nucleus  containing  several 
nucleoli.  These  cells  commonly  contain,  red  blood  corpuscles,  often 
in  large  numbers,  as  also  crystals  and  amorphous  particles  of  hemi- 
toidin ,  leukocytic  nuclear  debris  and  vacuoles.  These  cells  are  macro- 
phages, derived  undoubtedly  from  the  endothelial  lining  of  the 
subarachnoid  spaces.  Besides,  granular  structures  may  be  metirith 
which  may  contain  globules  of  fat,  nuclear  debris,  globules  of  myelin, 
red  cells,  arid  blood  pigment.  What  these  latter  cells  are  is  not 
known.     Sabraz^  inclines  to  view  them  as  neuroglia  cells. 

The  technique  employed  in  the  cytological  study  of  the  cerebro- 
spinal fluid  is  the  same  as  in  the  case  of  pleural  exudates. 

Bacteriology. — Very  important  from  a  diagnostic  standpoint  is  the 
fact  that  pathogenic  microorganisms  may  be  found.  Lichtheim, 
Fiirbringer,  Freyhan,  Dennig,  Frankel,  and  many  others  since,  woe 
thus  able  to  demonstrate  the  presence  of  tubercle  bacilli  in  a  fairly 
large  number  of  cases  of  tuberculous  meningitis.  Some  observers,  it 
is  true,  have  been  less  fortunate,  but  the  fact  that  Fiirbringer  found 
tubercle  bacilli  in  30  cases  out  of  37  is  certainly  significant.  Schwan 
states  that  he  obtained  positive  results  in  16  out  of  22  cases;  Slawyk 
and  Manicatide  found  bacilli  in  all  of  19  cases  (sixteen  times  by 
direct  microscopic  examination  and  three  times  by  the  aninial 
experiment)  and  Koplik  found  them  in  13  out  of  14  cases,  using 
centrifugalized  material.  In  order  to  examine  for  tubercle  bacilli, 
the  fluid  should  be  placed  on  ice  for  from  six  to  twenty-  four  hours, 
until  a  slight  coagulum  has  formed,  when  the  fine,  spider-web-like 
threads  of  fibrin  are  transferred  to  a  cover-slip,  spread  in  as  thin  a 
layer  as  possible,  and  stained  as  described  in  the  chapter  on  the 
Sputum.  If  a  centrifugal  machine  is  available,  the  examination 
may,  of  course,  be  made  at  once;  the  chances  of  finding  the  bacilli 
are  then  also  much  greater.  In  every  case  a  large  number  of  speci- 
mens should  be  prepared  before  the  search  is  abandoned.  Only  a 
positive  result,  however,  is  of  value,  and  in  doubtful  cases  recourse 
should  be  had  to  the  animal  experiment. 

In  the  diagnosis  of  epidemic  cerebrospinal  meningitis  lumbar 
puncture  is  of  signal  value,  as  the  Diplococcus  meningitidis  iniracellu- 
laris  (meningococcus)  of  Weichselbaum-Jagercan  be  demonstrated  in  a 
large  percentage  of  cases.  Councilman  thus  states  that  during  a  recent 
epidemic  of  the  disease  in  Boston  lumbar  puncture  was  performed 
in  55  cases,  and  that  in  the  fluid  obtained  the  diplococci  were  found 
on  microscopic  examination  or  in  culture  in  38  cases.  The  organism 
was  present  in  all  the  acute  cases,  but  rarely  found  in  those  which 
ran  a  more  chronic  course.  The  average  time  from  the  onset  of  the 
disease  before  spinal  puncture  was  made  was  seven  days  in  the  posi- 
tive cases  juul  seventeen  days  in  the  negative  cases.  The  longest 
time  after  the  onset  in  which  a  positive  result  was  obtained  was  twenty- 
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lays.  Similar  results  have  abo  been  reached  by  other  observers, 
k  thus  found  the  organism  within  the  first  twenty-four  hours 
the  onset  of  the  disease  and  as  late  as  the  fifteenth  week.  In 
ic  cases,  however,  as  Councilman  also  found,  it  may  escape 
tion,  especially  in  those  of  the  posterior  basic  type, 
e  organism  in  question  is  a  diplococcus,  each  half  being  of  about 
ime  size  as  the  ordinary  pathogenic  micrococci  (Fig.  172).  It 
idily  stained  with  the  usual  dyes,  and  decolorized  by  Gram's 
}d.  Short  chains  of  from  four  to  six  may  at  times  be  seen, 
:o  tetrads  and  peculiarly  swollen  forms  which  are  much  larger 
the  usual  forms.  Cultivation  is  difficult  and  the  oi^nism 
ly  dies  out.  It  grows  best  upon  Ldffler's  blood-serum  mixture, 
ng  round,  whitish,  shining,  ^  iscid-looking  colonies,  with  smooth, 
ly  defined  outlines,  which  may  attain  a  diameter  of  from  1  to 
m.  in  twenty-four  hours.      Their  cultivation  upon  plain  agar, 
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rin  agar,  and  in  bouillon  is  less  reliable.  I  have  obtained  excel- 
'esults  by  placing  a  few  c.c.  of  the  cerebrospinal  fluid  in  blood- 
1  tubes  and  found  that  the  organisms  multiplied  far  more  actively 
;  fluid  over  the  medium  than  in  any  other  way. 
order  to  obtain  the  best  results,  it  is  necessary  to  use  large 
ints  of  the  exudate,  and  to  make  a  number  of  cultures,  as  many 
e  organisms  are  usually  dead,  or  at  least  will  not  grow.  In 
ary  cover-slip  preparations  they  are  often  numerous,  and  are 
1  enclosed  in  the  polynuclear  leukocytes.  Their  number  then 
!  considerably.  On  the  one  hand,  only  one  or  two  may  be 
nt  in  a  cell,  while  in  others  they  may  be  so  closely  packed  as  to 
ire  the  nucleus.  During  the  past  winter  I  examined  a  specimen 
lich  the  organism  was  present  in  groups  composed  of  hundreds, 
Ilia  is  rare. 
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Mixed  infections  are  not  uncommon  in  epidemic  cerrf)rospmal 
meningitis.  Councilman  thus  found  the  pneumococcus  in  7  cas€s 
and  Friedlander's  bacillus  in  1.  Terminal  infections  with  staphy- 
lococci and  streptococci  also  occur. 

In  other  forms  of  purulent  meningitis  a  large  variety  of  organisms 
has  been  found.  Wolf  gives  the  following  figures,  resulting  from  an 
analysis  of  174  cases,  in  which  epidemic  cerebrospinal  meningitis  is, 
however,  included:  in  44.23  per  cent,  the  pneumococcus  was  found; 
in  34.48  per  cent,  the  Diplococcus  meningitidis  intracellularis;  in 
3.45  per  cent,  staphylococci;  in  8.03  per  cent,  streptococci;  in  1.13 
per  cent,  the  bacillus  of  Friedlander;  in  2.87  per  cent,  the  Bacillus 
typhosus;  in  1.72  per  cent,  the  bacillus  of  Neumann-Schaffer,  and 
in  2.87  per  cent,  the  Bacillus  coli  communis,  the  Bacillus  pyogenes 
foetidus,  the  Bacillus  aerogenes  meningitidis,  and  the  Bacillus  mallei; 
while  no  bacteria  were  found  in  1.15  per  cent,  of  the  cases.  In 
2  cases  Pfeiff er*s  influenza  bacillus  has  also  been  encountered  in  the 
cerebrospinal  fluid  during  life. 

In  the  African  sleeping  sickness  trypanosames  are  commonly 
found  in  the  cerebrospinal  fluid,  obtained  by  lumbar  puncture, 
Castellani  obtained  the  organism  in  20  cases  of  34,  and  Bruce  found 
it  in  all  of  38  cases  (see  Blood).  The  results  of  these  earlier  observers 
have  been  abundantly  confirmed.  In  many  cases,  however,  the  para- 
sites never  find  their  way  into  the  cerebrospinal  fluid.  They  are 
more  frequently  found  toward  the  termination  of  the  disease.  Large 
numbers  are  rare,  but  if  they  do  occur  there  is  usually  an  access  of 
temperature.  When  present,  the  leukocytes  are  apt  to  l>e  increased. 
There  is  no  relation  between  the  number  present  in  the  blood  and  in 
the  spinal  fluid. 

Toxicity. — While  normal  cerebrospinal  fluid  possesses  distinct 
toxic  properties,  it  has  been  found  that  in  disease  the  toxicity  may 
be  markedly  increased.  Bellisari  has  thus  shown  that  the  fluid  of 
individuals  suffering  from  general  paresis  is  more  toxic  than  that 
of  normal  individuals,  and  that  this  toxicitv  is  at  its  maximum  after 
an  epileptic  seizure.  Pellegrini  further  coukl  demonstrate  that  the 
cerebrospinal  fluid  of  epileptics  is  markedly  toxic,  and  that  that 
obtained  immediately  after  a  convulsion  has  a  toxic  and  convulsive 
j)ower  much  greater  than  that  obtained  at  periods  far  removed 
from  paroxysms.  Similar  results  have  been  obtained  by  Dide  and 
Laquep^c. 

Literature. — W.  T.  Councilman.  "( Vrehrospinal  Meningitis,"  Johns  Hopkins 
Hospital  Bull..  1S9S,  p.  27;  and  Pliila.  Mod.  Jour.,  1898,  p.  937.  W.  T.  Coiinril; 
man,  F.  B.  Mallorv.  and  .1.  H.  Wright,  "Epidemic  Cerebrospinal  Meninpitis." 
Amor.  Jour.  Med  Sci..  1S9S,  p.  2.52.  W.  Osier,  "The  Cavendish  I>ecturp  on  the 
.^^]tiology  and  Diagnosis  of  Cerebrospinal  Fever,"  Pliila.  Med.  .[our.,  1899,  p.  20. 
E.  Stadelmann,  "Meningitis  Cert^brospinalis."  Zeit.  f.  klin.  Med.,  vol.  xxxviii.  p. 
4().  U.  Neurath,  CentraU)l.  f.  d.  Cirenzgebiete  d.  Med.  u.  Chir.,  1897,  vol.  i. 
J.  Langer,  Jahrb.  f.  Kinderheilk.,  1901,  vol.  iii,  p.  91.  Pellegrini.  Riform.  nieti.. 
1901,  No.  55.     Dide  and  Laquepee,  Soc.  d.  neurol.  de  Paris,  April,  18,  1901. 


CHAPTER    X. 
THE  EXAMINATION  OF  CYSTIC  CONTENTS. 
0T8T8  OF  THE  OVARIES  AND  THEIR  APPENDAGES. 

The  material  obtained  from  cysts  of  the  ovaries  or  their  appen- 
dages varies  greatly  in  character.  On  the  one  hand,  it  may  be 
fluid,  clear,  of  low  specific  gravity,  and  contain  little  albumin;  while, 
on  the  other,  it  may  be  dense,  viscid,  and  of  colloid  appearance. 
The  specific  gravity  varies  between  1.018  and  1.024,  owing  to  the 
presence  of  a  large  amount  of  albumin. 

In  addition  to  smaller  amounts  of  serum  albumin  and  serum 
globulin  the  fluid  of  ovarian  cysts  contains  a  considerable  quantity 
of  another  albuminous  substance,  which  is  termed  metalbumin 
(Scherer)  or  pseudomucin  (Hammarsten).  Like  Hammarsten's 
mucoid  of  transudates,  it  cannot  be  directly  precipitated  with  acetic 
acid,  but  must  be  isolated  as  follows:  The  fluid  in  question  is  freed 
from  coagulable  albumins  by  boiling  after  acidifying  with  acetic  acid ; 
the  filtrate  is  precipitated  with  alcohol,  the  precipitate  dissolved  in 
water,  dialyzed,  and  then  treated  with  acetic  acid,  when  the  pseudo- 
mucin separates  out.  The  substance  contains  about  30  per  cent,  of 
glucosamin. 

Paramvcin  is  another  albuminous  substance  which  is  found  in 
colloid  cysts  and  belongs  to  the  mucinoid  bodies.  Like  the  true 
mucins  and  the  body  which  occurs  in  exudates  the  paramucin  is 
also  precipitated  by  dilute  acetic  acid.  According  to  Mitjukoff,  it 
contains  at  least  12.5  per  cent,  of  a  reducing  substance.^ 

Test  for  Psendomncin.— The  fluid  is  mixed  with  three  times  its 
volume  of  alcohol  and  set  aside  for  twenty-four  hours,  when  it  is 
filtered  and  the  precipitate  suspended  in  water.  This  is  again 
filtered  and  the  filtrate  tested  in  the  following  manner:  (1)  A  few 
cubic  centimeters  are  boiled,  when  in  the  presence  of  metalbumin 
the  liquid  will  become  cloudy,  without  the  formation  of  a  precipitate. 
(2)  With  acetic  acid  no  precipitate  is  obtained.  (3)  Upon  the  appli- 
cation of  the  acetic  acid  and  potassium  ferrocyanide  test  the  liquid 

^  Literature  dealing  with  pseudomucin  and  paramucin:  Pseudomucin:  Ham- 
iDAraten,  Zeit.  f.  phys.  Chem.,  1882,  vol.  vi,  p.  194.  Pfannenstiel,  Arch.  f.  Gynak., 
1890.  Z&ngerie,  Miinch.  med.  Woch.,  1900.  Paramucin:  Mitjukoff,  Areh.  f. 
G3m&k.,  1895.  Panzer,  Zeit.  f.  phys.  Chem.,  1899,  vol.  xxviii.  Leathes,  Areh. 
f.  exper.  Path.  u.  Pharmak.,  1899,  vol.  xliii. 
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becomes  thick  and  assumes  a  yellowish  color.  (4)  When  boiled  witt 
Millon  s  reagent  a  few  cubic  centuneters  of  the  filtrate  will  yidd  i 
bluish-red  color  while  the  addition  of  concentrated  sulphuric  laA, 
without  boihng  gives  nse  to  a  violet  color. 

The  color  of  cystic  fluids  may  vary  from  a  light  straw  to  a  raidii 
brown  or  even  a  chocolate  the  latter  color  may  be  observed  wlxii 
hemorrhage  has  taken  place  into  the  cyst. 

Of  morphological  elements  ovarian  cysts  contain  red  blood  im- 
puscles  leukocytes  and  at  times  fatty  granules  in  laige  numbos, 
ciystak  of  cholestenn  hematoidin,  and  fatty  acids.  Most  im- 
portant however,  from  a  diagnostic  standpoint  is  the  presence  rf 
cylindncal  or  pnsmatic    ciliated  epithelial  cells,  derived  from  the 


internal  lining  of  the  c\st  in  the  presence  of  which  the  diagnoiii 
may  be  definitely  made  (Fig  173),  At  times  such  cells  cannot  be 
demt  Hist  rated  as  thev  ma>  have  undergone  fatty  degeneration; 
moreover  if  the  epithelium  lining  the  cyst  is  squamous  in  character, 
it  mi\  he  difhcult  if  not  impossible,  to  arrive  at  a  satisfactory'  con- 
ciiisinn  from  an  c\nmination  of  the  morphological  elements  alone. 
Colloid  conrrclwns  which  may  \arj'  in  size  from  several  micromil- 
limcters  to  0  1  mm  are  occasionally  observed,  and  more  particu- 
lar]} in  colloid  c^sts  Thev  ma\  be  recognized  by  their  im^lar 
fonn  homogeneoui  ipjiearance  slightly  yellow  color,  and  delicate 
outlines 

III  dermoid  cjsls,  epidermal  cells  and  occasionally  hairs  are  oV 
served. 


HYDATID  CYSTS  621 

The  differential  diagnosis  of  ovarian,  parovarian,  and  fibrocystic 
^uterine)  cysts  cannot  always  be  made  from  the  character  of  the  fluid 
mthdrawn  by  puncture,  but  at  times  it  is  possible.  The  most  im- 
portant points  of  difference  are  here  given:  (1)  The  fluid  in  ovarian 
[cystomas  is  usually  more  or  less  viscid,  and  often  contains  non- 
Ducleated  granular  corpuscles  of  about  the  size  of  leukocytes,  the 
granules  of  which  do  not  dissolve  in  acetic  acid  nor  disappear  when 
treated  with  ether.  In  all  probability  they  are  free  nuclei;  in  the 
United  States  they  are  often  called  Drysdale's  corj)Uscles.  (2)  In 
parovarian  cysts  the  fluid  is  thin,  watery,  of  low  specific  gravity 
(under  1.010),  and  contains  very  few  morphological  elements. 
Cylindrical  epithelium  is  very  rarely  found  during  life  in  the  fluid 
withdrawn  by  aspiration  from  either  ovarian  or  parovarian  cysts. 
(3)  The  fluid  from  fibrocystic  tumors  of  the  uterus  is  thin,  watery, 
and  coagulates  spontaneously,  while  that  from  ovarian  and  paro- 
varian cysts  never  coagulates  spontaneously  unless  blood  is  present. 
Fibrocystic  tumors  of  the  uterus  have  no  epithelial  lining. 

Of  special  interest  are  those  cases  of  ovarian  cysts  in  which  in 
the  course  of  typhoid  fever  infection  of  the  cystic  contents  occurs 
with  the  corresponding  organism.* 

• 

HTDATID  0Y8T8. 

The  normal  fluid  in  hydatid  cysts  is  clear  like  water,  neutral  (some- 
times faintly  acid  or  alkaline),  of  a  specific  gravity  of  1.000  to  1.015, 
and  rich  in  sodium  chloride.  By  transmitted  light  it  is  faintly  opales- 
cent. It  contains  no  albumin  or  only  a  trace  of  it.  Succinic  acid  or 
sugar  may  be  present  in  small  amount.  Sodium  chloride  may  be 
recognized  by  evaporating  a  drop  of  the  liquid  on  a  slide,  when  the 
characteristic  crystals  of  the  salt  will  be  found.  Succinic  acid  may 
be  demonstrated  by  acidifying  a  small  amount  of  the  fluid  with  hydro- 
chloric acid,  and  evaporating  to  dryness.  The  residue  is  extracted 
with  ether  and  the  ether  evaporated;  the  aqueous  solution  of  the 
second  residue,  in  the  presence  of  succinic  acid,  will  yield  a  rust- 
colored,  gelatinous  precipitate  when  treated  with  a  few  drops  of  a 
solution  of  ferric  chloride.  A  sediment,  if  present,  is  composed  chiefly 
of  scolices,  debris  of  parenchyma,  calcareous  particles,  and  booklets. 
Hematoidin  crystals  may  be  found  if  blood  has  entered  the  cyst. 
Where  tapping  or  exploratory  puncture  has  been  employed,  albumin 
may  afterward  be  found  in  greater  quantity,  as  also  in  degenerating 
and  suppurating  cases.  With  the  death  of  the  hydatid,  changes  of  a 
degenerative  nature  take  place,  the  fluid  altering  greatly  in  character. 
It  becomes  more  turbid,  fatty  globules  may  be  found  with  granular 

*  M.  J.  Lewis  and  R.  G.  I^  Conte,  Amer.  Jour.  Med.  Sci.,  1902,  vol.  cxxiv,  p. 
590. 
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celia,  uid  typical  ciystds  of  cholesterin.  The  contents  may  beoome 
of  putty-like  consbtence  and  greasy,  ccmtiuning  the  remains  of  the 
gdatinous  membranes  which  may  be  floated  out  in  water.  ShooU 
calcificatlcm  ultimatdy  occur,  booklets  may  be  found  on  rubbing  op 
the  material  with  water  in  a  mortor. 

When  suppuration  takes  place,  polymorphonuclear  leukocytes  aie 
first  found  bstweoi  the  cyat  and  its  adventitious  capsule;  the  cpb 
ultimately  may  become  softened  uid  burst,  membranes,  scdices,  and 
booklets  floating  about  in  the  pus.    (See  also  Sputum.) 


HTDBOHIPHBOBOI. 

Hie  diagnosis  of  hydronephrosis  can  usually  be  made  without  diffi- 
culty if  a  sufficient  amount  <rf  fluid  can  be  obtained;  the  presence  of 
urea  and  uric  add  in  noUMe  quantities,  as  wdl  as  dF  renal  epithdil 
cells,  which  latter  espedaUy  should  be  sou^t  for,  is  quite  chanuto- 
istic.  Snudl  amounts  of  urfc  add,  however,  may  also  be  pfesent  in 
ovarian  cysts. 

PANORXAnO  0T8T8. 

These  cysts  ipay  be  recognized  by  the  fact  that  the  fluid  possesBes 
the  power  of  digesting  albumin  in  alkaline  solution.  A  small  amoont 
of  the  liquid  is  added  to  a  few  c.c.  of  milk,  when  after  precipitation 
of  the  casein  the  biuret  test  is  applied;  a  positive  reaction  indicates 
the  presence  of  trypsin.  Unfortunately,  however,  the  test  does  not 
always  yield  positive  results,  even  if  the  fluid  in  question  is  derived 
from  a  pancreatic  cyst,  as  the  trypsin  is  apparently  destroyed  in  the 
course  of  time.  The  larger  the  cyst,  the  less  likely  will  it  be  pos- 
sible to  obtain  the  reaction.  A  positive  result  is  hence  only  of  value, 
while  a  negative  result  does  not  exclude  the  existence  of  the  disease.* 

*  Karewski,  Deutsch.  med.  Woch.,  1890,  vol.  xvi,  pp.  1035  and  1069.  Hof- 
meister,  Prag.  med.  Woch.,  1891,  vol.  xvi,  pp.  365  and  377  (see  Gussenbauer). 
V.  Jaksch,  Zeit.  f.  HeUk.,  1888,  vol.  ix,  p.  126  (see  Wdlfler). 


CHAPTER    XL 

THE  SEMEN. 

The  ejaculated  semen  is  a  mixture  of  the  secretions  furnished  by 
the  testicles,  the  prostate  gland,  the  seminal  vesicles,  and  the  glands 
of  Cowper. 

OENERAL  0HARA0TERI8TIC8. 

Semen  is  white  or  slightly  yellowish  in  color,  semifluid,  sticky, 
and  of  an  opaque,  non-homogeneous,  milky  appearance,  which  is  due 
to  the  presence  of  white,  opaque  islets  floating  in  the  otherwise  clear 
fluid;  these  consist  almost  entirely  of  the  specific  morj)hological 
elements  of  the  semen,  the  spermatozoa.  Its  odor,  which  strongly 
resembles  that  of  fresh  glue,  is  characteristic,  and  is  owing  to  the 
presence  of  spermin.  It  is  generally  attributed  to  an  admixture  of 
prostatic  fluid,  as  the  semen  obtained  from  the  vasa  deferentia  is 
odoriess.  According  to  Robin,  however,  this  odor,  is  produced  only 
at  the  moment  of  ejaculation,  and  cannot  be  ascribed  to  any  single 
one  of  the  secretions  present.  The  reaction  of  human  semen  is 
slightly  alkaline,  and  its  specific  gravity  greater  than  that  of  water, 
in  which  it  sinks  to  the  bottom. 


0HEMI8TRY  OF  THE  SEMEN. 

Accurate  analyses  of  human  semen  or  of  mammalian  semen  do 
not  exist,  and  only  the  old  analyses  of  Vauquelin  and  Kolliker  can 
be  given : 

Man.  Horse.  Ox. 

Water 90  81.90  82.10 

Albuminous  material     )  (    .  . .  .  15.30 

Extractives    .      .      .     [ 6  n  16.45 

Ethereal  extract        .     I                                                      (    2.20 

Mineral  material 4  1.61  2.60 

The  mineral  matter  consists  largely  of  calcium  phosphate. 

If  semen  is  kept,  or  if  it  is  slowly  evaporated,  crystals  of  phos- 
phate of  spermin  separate  out,  which  are  commonly  known  as  Bott- 
cher's  crj.stals,  and  which  were  long  regarded  as  identical  with  the 
so-called  (^harcot-Leyden  crAstals  that  are  found  in  the  sputum  of 
bronchial  asthma,  in  the  blood  of  leukemia,  in  the  stools  in  cases  of 
helminthiasis,  etc. 
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Speimin  is  a  basic  substance,  uid,  according  to  Ladenbuig  and 
Abdy  is  closely  related  to,  if  not  identical  with,  diethykne  diamin 
(piperazin) : 

The  phosphate  ciystallizes  in  the  fonn  of  mcmoclinic  foor^ckd 
spindles  or  prisms,  which  appear  as  flattened  needles  ci  vaiiabk 
size.  Some  ar6  scarcely  visible  even  with  a  fairly  hi^  power  of  the 
microscope,  while  others  attain  the  l^igth  of  40  /<  to  60  /».  The  sub- 
stance is  soluble  in  fonnalin,  thus  differing  from  the  Charcot-LcTden 
ciystals.  In  water  it  dissolves  with  difficulty;  it  is  slowly  sohibk  in 
acids  and  alkalies,  even  in  ammonia,  while  it  is  insoluUe  in  alcohol, 
ether,  chloroform,  and  dilute  saline  soluti(Hi.  Floroice's  reageDt 
(see  below)  colors  the  crystals  a  bluish  black.  According  to  Cdm, 
the  Bdttcher  ciystals  are  formed  eirclusivdy  in  the  prostate  ^and, 
the  gland  itself  furnishing  the  basic  component,  while  the  necessuy 
phosphoric  acid  is  derived  from  other  portions  of  the  rqproducfive 
apparatus.^ 
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m 

Upon  microscopic  examination  normal  semen  is  seea  to  contain 

innumerable,  actively  moving,  thread-like  bodies,  measuring  from 
50  /i  to  60  /i  in  length — the  spermatozoa.  These  consist  of  an  ^- 
shaped  head,  when  seen  from  above,  which  is  from  3  //  to  5  /*  in 
length,  the  broader  end  being  dircted  anteriorly;  a  middle  portion, 
4  /i  to  6  /I  in  length,  with  which  the  head  is  united  by  its  smaller 
end;  and  a  posterior  piece  or  tail,  ibto  which  the  middle  piece  grad- 
ually fades  (Fig.  170). 

In  addition  to  the  spermatozoa  a  few  hyaline  bodies  are  seen  which 
are  derived  from  the  seminal  vesicles;  further,  numerous  small,  pale 
granules  of  an  albuminous  nature  (lecithalbumin),  some  testicular 
and  urethral  epithelial  cells,  lecithin  corpuscles,  and  so-called  pros- 
tatic or  amyloid  corpuscles,  which  at  first  sight  resemble  starch 
granules  in  appearance,  owing  to  their  concentric  striations.  A  few 
leukocytes  and  occasionally  a  few  red  corpuscles  may  also  be  found. 


PATHOLOGY  OF  THE  SEMEN. 

The  study  of  the  semen  has  received  little  attention  from  clin- 
icians, and  gynecologists  frequently  hold  the  wife  responsible  for 

*  Th.  Cohn,  "Zur  Kenntniss  d.  Spermas,"  Centralbl.  f.  allg.  Path.  u.  path.  Anat., 
vol.  X,  pp.  940  and  949. 
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sterility  when  an  examination  of  the  husband's  semen  would — 
according  to  Kehrer/  in  40  per  cent. — reveal  an  absence  of  sperma- 
tozoa, constituting  the  condition  usually  spoken  of  as  azodspermaiism. 
This  may  be  temporarily  observed  following  venereal  excesses,  when 
the  fluid  finally  ejaculated  is  almost  entirely  of  prostatic  origin; 
their  absence  then  possesses  no  significance,  but  persistent  azoosper- 
matism  must  of  necessity  be  associated  with  sterility.' 

Cases  have  been  recorded  in  which,  notwithstanding  the  presence 
of  spermatozoa  and  apparently  normal  sexual  conditions  in  both 
husband  and  wife,  sterility  existed  nevertheless,  but  in  which  it  was 
observed  that  the  spermatozoa  lost  their  motile  power  almost  imme- 
diately after  ejaculation.  Under  normal  conditions,  following  inter- 
course actively  moving  spermatozoa  may  be  found  in  the  vagina 
after  hours,  days,  and  even  weeks. 

Whenever  it  is  deemed  advisable  to  make  an  examination  of  the 
semen,  this  should  be  done  immediately  following  ejaculation,  or  as 
soon  as  possible  thereafter.  The  material  should  be  placed  in  a  test 
tube  and  this  immersed  in  lukewarm  water  until  it  can  be  examined. 
Note  should  then  be  taken,  not  only  of  the  presence,  but  also  of  the 
degree  of  motility  of  the  spermatozoa,  a  drop  of  the  semen  being 
examined  directly  with  the  microscope. 

Bloody  semen,  constituting  the  condition  spoken  of  as  hemo- 
spermia,  has  been  observed  on  several  occ^ions.  It  may  follow 
excessive  sexual  indulgence,  but  may  also  occur  in  connection  with 
gonorrheal  epididymitis.  The  blood  is  readily  recognized  upon  micro- 
scopic examination.^ 


THE  REOOONITION  OF  SEMEN  IN  STAINS. 

In  medicolegal  cases  the  physician  may  be  called  upon  to  decide 
whether  or  not  certain  stains  on  body-linen  are  caused  by  spermatic 
fluid,  whether  or  not  a  rape  has  been  committed,  etc.  In  such  cases 
it  is  frequently  only  necessary  to  examine  a  drop  of  the  vaginal 
fluid  in  order  to  arrive  at  a  positive  result  at  once.  At  other  times 
recourse  must  be  had  to  the  following  method :  A  fragment  of  the 
linen  or  scrapings  from  the  vulva  or  vagina  are  placed  in  a  watch- 
crystal  and  allowed  to  soak  for  at  least  one  hour  in  from  27  to  30 
per  cent,  alcohol,  when  a  bit  of  the  material  is  teased  in  a  solution 
of  eosin  in  glycerin  (1  to  200),  and  examined.  The  heads  of  the 
spermatozoa  are  thus  stained  a  deep  retl,  while  the  tails,  which  are 
often  broken,  exhibit  a  pale-rose  tint,  and  can  readily  be  distinguished 
from  vegetable  fibers,  which  do  not  take  the  stain  at  all.     A  positive 

^  Beitrage  z.  klin.  u.  exper.  Gyniik.,  1879,  vol.  ii,  Giessen. 

*  Fiirbringer,  Zeit.  f.  klin.  Med.,  1881,  vol.  iii,  p.  310. 

'  Feleki,  Centralbl.  f.  Krankh.  d.  Ham-  u.  Sexualorgane,  1901,  vol.  xii,  p.  506. 

40 
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statement  can  thus  be  made  in  every  case^  even  after  months  and 
years,  as  spermatozoa  not  only  resist  the  action  of  reagents,  but  also 
the  process  of  putrefaction ;  this  is  probably  owing  to  the  large  pro- 
portion of  mineral  matter  which  enters  into  their  compositioD^  and 
which  ensures  the  preservation  of  their  form.  Instances  have  been  \ 
rteorded  in  which  it  was  possible  to  demonstrate  spermatozoa  in 
stains  after  eighteen  years. 

The  semen  test  of  Florence^  has  attracted  much  attention,  and 
may  be  reconmiended  in  doubtful  cases;  only  a  negative  result, 
however,  is  of  value  (see  below).  It  is  based  upon  the  observation 
that  very  characteristic  crystab  of  iodospermin  are  formed  when 
spermatic  fluid  is  treated  with  a  solution  of  iodopotassic  iodide 
containing  1.65  grams  of  pure  iodine  and  2.54  grams  of  potassium 
iodide,  dissolved  in  26  c.c.  of  water.  When  a  drop  of  this  solution 
is  added  to  a  drop  of  spermatic  fluid  or  an  aqueous  extract  of  a  s^ninal 
stain,  dark-brown  crystab  of  iodospermin  separate  out  at  once,  and 
may  be  readily  recognized  under  the  microscope.  They  occur  in 
the  form  of  long  rhombic  platelets  or  fine  needles,  often  grouped  in 
rosettes,  but  abo  occurring  singly  or  as  twin  crystab.  The  exami- 
nation with  the  microscope  should  be  made  at  once  after  the  addition 
of  the  reagent,  as  the  crystab  dbappear  on  standing. 

As  the  reaction  may  abo  be  obtained  in  cases  of  azoospenna- 
tism,  and  with  pure  prostatic  secretion,  while  a  negative  result  is 
obtained  with  the  fluid  from  spermatoceles,  it  is  manifest  that  the 
test  is  not  applicable  for  the  determination  of  the  presence  or  ab- 
sence of  spermatozoa  per  se,  PosneP  states  that  he  obtained  similar 
crystals  when  the  test  was  applied  to  a  glycerin  extract  of  ovaries. 

More  recently  Richter^  has  shown  that  Florence's  reaction  is  also 
obtained  with  a  decomposition  product  of  lecithin,  viz.,  cholin,  which 
would  explain  the  observation  that  better  results  are  commonly 
obtained  with  dried  semen  than  with  fresh  material.  But  it  follows 
also  that  the  reaction  cannot  be  a  specific  semen  reaction,  and  Richter 
accordingly  concludes  that  a  negative  result  only  is  of  value,  and 
indicates  that  the  material  under  examination  is  not  semen.  He  states 
that  he  obtained  positive  results  with  vaginal  and  uterine  mucus, 
with  decomposing  brain  substance,  and  other  organs  as  well.  In 
confirmation  of  Richter's  results,  Bocarius*  has  demonstrated  that 
the  so-called  iodospermin  is  in  reality  an  iodized  product  of  cholin 
and  not  of  spermin. 

^  Du  sperme  et  des  taches  de  sperme  en  m6decine  legale,  Arch.  d'Anthrop. 
criinin.,  vols,  x  and  xi. 

'  "Die  Florence'  sche  Reaktion,"  Berlin,  klin.  Woch..  1897,  p.  602. 

3  "D.  mikrochemische  Nachweis  v.  Sperma,"  Wien.  klin.  Woch.,  1897,  p.  569. 

*  Zeit.  f.  phys.  Chem.,  1902,  vol.  xxxiv,  p.  339. 
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The  secretion  which  is  nonnally  furnished  by  the  vaginal  glands 
is  small  in  amount,  and  just  sufficient  to  keep  the  mucous  mem- 
brane moist.  It  is  a  clear  or  somewhat  milky-looking,  semiliquid 
materia],  in  which  niunerous  epithelial  laminae  may  be  found.  It 
has  been  stated  that  the  reaction  of  the  vaginal  secretion  in  virgins  is 
invariably  acid,  while  an  alkaline  reaction  is  the  rule  in  the  diflories. 
During  pregnancy,  however,  the  secretion  is  probably  always  acid. 
In  500  cases  which  Kronig  examined  in  this  direction  an  alkaline 
reaction  was  never  observed.  According  to  Zweifel,^  the  vaginal 
secretion  contains  traces  of  trimethylamin,  to  which  its  peculiar  odor 
is  probably  due. 

Microscopically,  numerous  epithelial  cells,  mucous  corpuscles,  a 
few  large  mononuclear  leukocytes,  cellular  detritus,  and  bacteria 
are  found.  Doderlein'  has  described  a  non-pathogenic  bacillus 
or  a  group  of  bacilU  which  are  characterized  by  the  fact  that  they 
give  rise  to  marked  acid  fermentation  of  sugar,  and  he  regards  these 
organisms  as  the  only  ones  which  are  constantly  present  in  the  nor- 
mal vagina.  Kronig  and  Menge,  however,  state  that  th^  are  often 
absent.  These  observers  have  found,  on  the  other  hand,  that  under 
normal  conditions  there  are  various  bacilU  and  cocci  present  which 
belong  to  the  class  of  obUgatory  anaerobes,  and  are  Ukewise  non- 
pathogenic. Unfortunately  they  have  not  described  these  organisms 
m  detail.  Near  the  outlet  they  found  bacteria  which  may  be  culti- 
vated upon  alkaline  aeorbic  culture  media,  but  which  are  usually 
absent  in  the  upper  portion  of  the  vagina. 

It  is  important  to  note  that  various  diplococci  may  also  be  foimd 
under  normal  conditions,  and  care  should  be  taken  not  to  confoimd 
these  with  gonococci.  Like  the  gonococci,  they  are  decolorized  by 
Gram's  method.  If  the  characteristics  of  the  former  be  borne  in 
mind,  however,  mistakes  may  probably  always  be  avoided;  in  mar- 
ried women  and  in  children  it  is  best  to  make  the  diagnosis  of  gon- 
orrhea only  when  the  gonococcus  has  been  isolated  by  cultivation. 

The  question  whether  or  not  pathogenic  bacteria  may  occur  in 
the  normal  vagina  of  pregnant  or  non-pregnant  women,  may  be 

'  Arch.  f.  G3mak.,  1881,  vol.  xviii,  p.  359. 
'  Ibid.,  1887,  vol.  xxxi,  p.  412. 
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answered  in  the  aflbmatiye;  but  with  the  excq>tioii  cyf  the  gcmo- 
coccus  they  are  not  often  seen/     Bersfaofan'   thus  examined  the 
vaginal  seci^on  of  40  pH^t  woZ^ 
organisms  pathogenic  for  animab  in  a  single  case.    There  wijeno 
pyogemc  staphylocooct,  no  str^tococci,  and  no  cokm  badlL 

The  vaginal  secreti(M¥  has  been  shown  to  possess  powGtfiil  Ink- 
tericidal  properties,  so  that  pathog^iic  organisms,  even  when  aith 
ficially  introduced  into  the  vagina,  are  rapidly  kiUed.  SjrSnig  thus 
found  that  the  Bacillus  pyoqraneus  disappears  frcmi  the  vagim  of 
pregnant  women  in  from  ten  to  thirty  hours,  the  s  aj^ylooooct  in 
from  six  to  thirty-six  hours,  uid  the  Streptococcus  pyogenes  widm 
six  hours.  Important  from  a  practical  standpoint  is  the  fact  that 
the  bacteria  disappeared  less  rapidly  when  irrigation  of  the  Tagiu 
with  water  or  even  antis^tics  was  employed. 

Of  animal  parasites,  we  Trichonunuu  vaginalis  is  occasionaDy 
oicountered  in  the  vaginal  discharge.  The  organism  is  identical 
with  the  trichomonas  found  in  the  feces  and  in  the  urine.  In  the 
United  States  it  is  not  so  ccwmon  as  amcmg  the  peasant  popuUtioD 
of  Central  Europe.  As  fi^  as  is  known,  the  organism  is  of  no  patho- 
logical significance.  From  a  medicolegal  standpoint,  however,  its 
presence  may  not  be  unimportant,  as  cases  are  on  record  in  wUd 
trichomonades  have  been  ccmfounded  with  spermatozoa.  In  mj 
judinnent,  however,  such  a  mistake  can  only  occur  if  the  obserrar 
is  totally  without  tkining  in  microscopy.      \ 

The  possible  presence  of  the  Anguillula  aceti  in  the  vaginal  dis- 
charge has  been  pointed  out  by  Billings,  Miller,  and  Stiles.  Stiles 
has  suggested  that  it  may  be  introduced  into  the  vagina  by  injections 
of  vinegar-water  taken  with  the  object  of  preventing  conception. 

VAGINAL  BLENNORRHEA. 

In  physiological  conditions  an  increased  vaginal  secretion  is  ob- 
served during  sexual  excitement,  just  preceding  and  at  the  beginnmg 
of  menstruation,  and  during  pregnancy,  when  a  profuse  blennorrhea 
is  frequently  seen,  which  sometimes  assumes  a  virulent  character. 
The  secretion  under  such  conditions  readily  becomes  purulent 
When  not  dependent  upon  a  gonorrheal  infection  the  secretion  is 
thicker  than  normal,  white,  and  creamy.  At  times  also  the  vaginal 
catarrh  observed  in  pregnancy  is  complicated  with  mycosis,  when 
white  or  yellowish-gray  patches  may  be  seen  at  the  orifice  of  the 
vagina ;  the  latter  may,  indeed,  be  filled  with  particles  which  consist 
entirely  of  fungi. 

*  Doderlcin,  Das  Scheidensecret,  Leipzig,  1892.  J.  W.  WiUiams,  Araer.  Jour. 
Obstet.,  1898,  vol.  xxxviii;  Trans.  Amer.  Gyn.  Soc,  1898;  Amer.  Jour.  Obstet., 
1898. 

^  Arch.  f.  Gynak.,  1902,  vol.  Ixvi,  Heft  3. 
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MENSTRUATION. 

At  the  beginning  of  menstruation,  as  has  been  pointed  out  above, 
an  increase  in  the  amount  of  vaginal  secretion  is  observed,  in  which 
leukocytes,  prismatic  epithelial  cells  coming  from  the  uterus,  as  well 
as  the  usual  vaginal  cells,  may  be  seen  upon  microscopic  exami- 
nation. Later  the  secretion  becomes  sanguineous  in  character,  and 
finally  only  epithelial  cells,  leukocytes,  and  granular  detritus  are 
encountered,  the  cells  usually  showing  evidence  of  fatty  degenera- 
tion. The  amount  of  blood  lost  at  each  menstrual  period  amounts 
to  about  200  grams  in  perfectly  healthy  females. 

THE  LOCHIA. 

The  lochia  during  the  first  day  following  parturition  are  red  in 
color — the  lochia  rubra — and  emit  the  characteristic  sanguineous 
odor.  At  this  time  a  microscopic  examination  will  reveal  an  abun- 
dance of  red  corpuscles,  some  leukocytes,  and  a  variable  number 
of  epithelial  cells,  which  are  almost  exclusively  of  vaginal  origin. 
On  the  second  and  third  days  the  number  of  red  corpuscles  dimin- 
ishes, while  the  leukocytes  increase  in  number.  Still  later  the  dimi- 
nution in  the  red  and  the  increase  in  the  white  corpuscles  become 
more  marked,  and  the  discharge  at  the  same  time  assumes  a  grayish 
or  white  color,  until  about  the  tenth  day  the  red  corpuscles  have 
almost  entirely  disappeared,  while  the  leukocytes  and  epithelial  cells 
are  abundant.  Finally,  the  secretion  becomes  thicker,  mucoid,  and 
milky  white  in  color — the  lochia  alba — which  condition  may  persist 
for  from  three  to  four  weeks  in  nursing  women,  and  still  longer  in 
those  who  do  not  nurse,  until  finally  the  normal  secretion  is  again 
estabHshed.  Numerous  bacteria  are  encountered  in  the  lochia,  and 
it  is  curious  to  note  that  among  these  pus  organisms  are  quite  con- 
stantly present  without  giving  rise  to  symptoms.  When  a  portion 
of  the  placenta  or  membranes  have  been  retained  the  lochia  soon 
give  off  a  fetid  odor,  and  assume  a  dirty  brownish  color;  the  reten- 
tion of  blood  clots  alone  may  also  produce  this  result.  In  such  cases 
the  lochia  swarm  with  bacteria  of  all  kinds.* 

VULVITIS  AND  VAGINITIS. 

In  cases  of  vulvitis  and  vaginitis  a  marked  increase  is  observed 
in  the  number  of  the  leukocytes  and  epithelial  cells,  the  character  of 
the  latter  depending  essentially,  of  course,  upon  the  portion  of  the 
genital  tract  affected.  Red  corpuscles  are  also  met  with  at  times; 
their  number  generally  stands  in  a  direct  relation  to  the  intensity  of 

*  DOderlein,  loc.  cit.     Thomen,  Centralbl.  f.  d.  med.  Wiss.,  1890,  voi.  xxviii, 
p.  537;  and  Arch.  f.  Gyn.,  1889,  vol.  xxxvi,  p.  231. 
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the  inflammatoiy  process.  In  some  instances  epithelial  casts  of 
the  entire  vagina  have  been  observed,  constituting  the  condition 
termed  vaginitis  exfoliativa.  The  condition,  however,  is  rare. 
In  mycotic  vaginitis  leptothrices  have  been  fomid  by  v.  HerfF/ 
The  discharge  of  large  amoimts  of  pure  pus  through  the  vagina 
points  to  perforation  of  an  abscess  of  the  genital  organs  or  of  the 
neighboring  structures  into  the  uterus  or  the  vagina;  it  is  of  rare 
occurrence.  Much  more  common  is  the  discharge  of  fecal  matter 
or  of  urine  through  this  channel,  indicating  the  existence  of  a  vagino- 
rectal  or  vaginovesical  fistula. 


MEMBRANOUS  DYfOfENOBRHEA. 

While  ordinarily,  during  menstruation,  shreds  of  desquamated 
uterine  hning  are  frequently  encoimtered,  it  is  rare  to  meet  with 
large  pieces  or  complete  casts  of  the  uterus,  the  ehmination  of  which 
is  usually  associate  with  the  symptoms  of  a  severe  dysmenorrhea, 
constituting  the  condition  spoken  of  as  memhranotts  dysmenorrhea. 

GANGER. 

While  the  diagnosis  of  malignant  growth  of  the  uterus  is  probably 
never  based  upon  a  microscopic  examination  of  the  vaginal  discharge 
alone,  it  may  be  mentioned  that  in  advanced  cases  this  is  ])OSsible, 
as  fragments  of  an  epithelioma  of  the  cervix,  for  example,  may 
frequently  be  detected  upon  microscopic  examination.  In  sus- 
pected cases  small  pieces  of  tissue  should  be  excised  and  examined 
according  to  usual  histological  methods.^ 

GONORRHEA. 

In  suspected  cases  of  gonorrhea  an  examination  of  the  vaginal 
and  urethral  discharge  for  the  presence  of  gonococci  is  important, 
as  it  is  practically  impossible  to  diagnosticate  this  condition  positively 
in  any  other  manner.  Care  should  be  taken,  however,  not  to  con- 
found the  diplococci  which  may  be  nonnally  present  in  the  urethra 
and  vagina  with  gonococci.  (See  chapter  on  the  Urine.)  Unfortunately, 
however,  excepting  in  fairly  acute  cases,  these  examinations  are 
ratlier  unsatisfactorv.  There  can  be  no  doubt  that  in  manv  cases, 
which  unquestionably  are  gonorrheal,  the  ordinary  microscopic 
examination  is  negative.  Better  results  may  possibly  he  reached  if 
the  examination  is  made  twenty-four  hours  following  the  injection  of 
gonococcus  vaccine  (close,  10,000,000  organisms). 

'  Centralbl.  f.  BakU'r.,  1895,  p.  750. 

'  T.  8.  Cullen,  Cancer  of  the  Uterus,  Appleton  &  Co.,  1900. 


ABORTION 


In  cases  of  abortion  it  is  often  possible  to  discover  chorion  viUi  in 
the  expelled  blood-clots  which  present  the  characteristic  capillary 
network   (Fig.    174),  and  often   manifest  signs  of  advanced    fatty 


degeneration.  Important  also  from  a  diagnostic  point  of  view  is  the 
presence  of  decidual  cells  (Fig.  175),  which  are  characterized  by  their 
large  size,  their  round,  polygonal,  or  spindle-like  form,  and  their 
characteristic  nuclei  and  nucleoli. 


CHAPTER    XIII. 

THE  SECRETION  OF  THE  MAMMARY  GLANDS. 

TBI  BOBITXOH  07  KXLK  I>  TIB  nWBOBV. 

A  BBCRsnoN  from  the  manunaiy  glands  of  the  male  is  obserred 
only  in  the  newborn,  if  we  except  &oae  rare  cases  in  which  adult 
males  were  Iqiown  to  suckle  infants.  The  fluid  in  question,  whicb 
may  also  be  obtained  from  the  female  infant,  is  termed  "  Hexcaunikh" 
(mtchea'  milk)  by  the  Gennans.  Quaiitativdy  it  has  the  same  com- 
positi(m  as  milk,  but  maj  manifest  considerable  quantitative  Taiia- 


Aside  from  those  curious  instances  in  which  a  secreti<«  ot  milk 
has  been  obserred  in  non-pr^^uit  women,  mammaty  activity  is 
essentially  connected  with  the  physiological  phenomena  of  pr^ancr 


Fro.  ITS.— Coloitnim  of  ■  vomu  in  axth  month  of  pr«(iuuicy.     (Eye-pisc*  III. 


and  parturition.  Often  as  early  as  the  third  mohth  a  small  drop  of 
a  serous-looking  fluid  can  be  obtained  from  the  nipple  by  pressure 
upon  the  breasts.  Immediately  after  delivery  a  variable  amount  of 
fluid  is  secreted,  which  is  watery,  semi-opaque,  mucilaginous,  and 
of  a  yellowish  color.  To  this  secretion,  as  well  as  to  that  obser\'ed 
during  pregnancy,  the  term  colostrum  has  been  applied.  It  is  dis- 
tinguished from  true  milk  by  its  physical  characteristics  and  by  the 
presence  of  a  greater  proportion  of  sugar  and  salts.  The  fluid, 
moreover,  coagulates  upon  boiling.  An  idea  may  be  formed  of  its 
composition  from  the  appended  table: 


HUMAN  MILK 
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1   4  weeks  before  birth. 

'  17  days  be- 
j  fore  birth. 

j     851 . 7 

9  days  be- 

24  hours 

2  days 

!•       I. 

II. 

fore  birth. 

after  birth. 

after  birth. 

Water        .      .   |     945.2 

852.0 

858.8 

843.0 

867.9 

Solids  . 

.    I       54.8 

148.0 

148.3 

141.2 

157.0 

132.1 

Casein 

.   1      

I           

21.8 

Albumin 

28.8 

69.0 

1       74.8 

80.7 

Fat 

7.3 

41.3 

30.2 

23.5 

48.6 

Lactose 

17.3 

39.5 

43.7 

36.4 

61.0 

Salts    . 

" 

4.4 

4.4 

4.5 

1         5.4 

5.1 

Upon  microscopic  examination  fat  droplets,  a  few  leukocytes, 
some  epithelial  cells,  and  so-called  colostrum  corpuscles  are  found. 
The  latter  are  highly  refractive  bodies,  of  irregular  size,  whose  inte- 
rior is  filled  with  fatty  granules  (Fig.  176). 

Literature. — G.  Woodward,  Jour.  Exper.  Med.,  vol.  ii,  p.  217. 

THE  8E0RETI0N  OF  MILK  PROPER,  IN  THE  ADULT  FEMALE. 

The  secretion  of  milk  proper  usually  begins  about  the  third  day 
following  parturition,  and  may  continue  for  a  variable  length  of 
time.  On  the  one  hand,  the  amount  of  milk  secreted  may  be  so 
small  as  to  be  insufficient  for  the  needs  of  the  child,  so  that  lacta- 
tion may  have  to  cease  after  several  days;  on  the  other  hand,  women 
are  not  infrequently  seen  who  nurse  their  children  for  two  years  and 
even  longer  and  who  may  furnish  four  liters  a  day.  Usually  infants 
are  nursed  until  six  or  seven  teeth  have  appeared,  which  period  varies 
with  the  individual  child,  averaging  about  the  eleventh  month. 

HUMAN  MILK. 

Human  milk  is  of  a  bluish  color,  and  differs  in  this  respect  from 
the  milk  of  cows.  Its  reaction  is  alkaline.  The  specific  gravity 
may  vary  between  1.026  and  1.035,  one  between  1.028  and  1.034 
being  the  most  common.  The  amount  of  milk  secreted  in  twenty- 
four  hours  varies  from  5(X)  to  1500  c.c.  Microscopically,  it  is  a 
fairly  homogeneous  emulsion  of  fat,  and  is  practically  destitute  of 
cellular  elements.  From  the  following  table  an  idea  may  be  formed 
of  its  chemical  composition : 


Water 
Solids 
Albumin 
Fat      . 
Lactose 
Salts   . 


Biehl. 

876.00 

124.00 

22.10 

38.10 

60.90 

2.90 


Gerber.    ;  diristenn.'    Pfeiffer.       Pfeiffer. 


891.00 

109.00 

17.90 

33.00 

53.90 

4.20 


872 . 40 

127.60 

19.00 

43.20 

59.80 

2.60 


892.00 

108.00 

16.13 

32.28 

57.94 

1.65 


i 


890.60 

109.40 

17.24 

29.15 

59.92 

2.09 


Mendes  de 
L(H>n. 


877.90 

25.30 

38.90 

55.40 

2.50 
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Upcm  comparing  this  tabte  with  the  toDowing  analysis  d  cows' 
milk  it  wiU  be  seen  that  the  ktter  contains  moie  albumin  and  less  A^ 
than  hmnan  milk.  Human  milk,  moreover,  is  rdativeijr  deficientiD 
minerd  matter,  and  espedalfy  in  cakdum  salts  and  phosfdioiie  add: 

Water 874.2 

Solids 125.8 

Ctmein 28.8 1 9^. 

Albumin 5.3?**'^ 

Fat 36.6 

Lsdon 48.1 

Siats • 7.1 

/  Of  inoiganic  salts  human  milk  ccmtains  about  0.7  pro  milk  d 
potassium  (K,0),  0.2  ci  sodium,  0.3  of  calcium,  0.06  of  magneanm, 
mm  3.52  to  7.21  mgims.  d  ircm,  about  0.4  pro  miHe  <rf  pho^iliark 
add,  and  0.4  of  chlorine., 

The  albumins  found  in  milk  plasma  are  casein,  lactog^dMh, 
and  lactalbumin.  It  is  claimed  by  some  observers  that  the  casein 
ol  human  milk  differs  from  that  obtained  bom  cows'  nulL  The 
casein  coagula  in  human  milk  are  not  so  large  and  dense  as  diose 
obsenred  in  cows'  milk.  Hmnan  casein,  moreover,  is  not  so  iead% 
precipitated  fay  adds  and  sbUs;  it  does  not  always  coagulate  mat 
die  addition  of  rennet  ferment,  and  while  it  may  be  predpitat^lrf 
the  gastric  juice,  it  is  r«idily  dissolved  by  an  excess. 

llie  question  whether  ot  not  nonnal  numan  milk  contains  micio- 
organisms  may  now  be  answered  in  the  affirmative.    There  can  be 
no  doubt,  however,  that  the  milk  as  it  is  secreted  by  the  healthy 
gland  is  sterile,  but  upon  passing  along  the  lacteal  ducts  in  the 
nipple  it  is  always  contaminated  by  the  Staphylococcus  epidennidis 
albus  (Welch).     This  microorganism  must  be  regarded  as  a  constant 
inhabitant  of  the  skin,  and  is  the  only  one  of  the  t;utaneous  bacteria 
which  penetrates  the  deeper  layers  of  the  epidermis  and  the  gland- 
ular appendages  of  the  slon.     It  is  thus  apparent  why  this  organism 
is  so  constantly  met  with,  and  is  practically  the  only  one  found  in 
normal  human  milk.     Exceptionally  the  Staphylococcus  pyogenes 
aureus  is  found. 

THE  MILK  IN  DISEASE. 

The  chemistry  of  the  milk  in  pathological  conditions  has  received 
little  attention.  It  appears,  however,  that  the  milk  of  women  when 
ill  usually  contains  less  fat,  and  that  the  proportion  of  lactose  is 
diminished.  In  cases  of  jaundice  the  presence  of  bile  pigment  and 
of  biliary  acids  has  not  been  satisfactorily  demonstrated.  According 
to  Friedjung,^  a  subnormal  amount  of  iron  is  usually  found  in  the 
milk  when  nurslings  do  not  thrive  on  apparently  normal  milk.    In 

*  Arch.  f.  Kinderheilk.,  vol.  xxxi,  Heft  1  u.  2. 
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cases  of  mammary  tmnors  bloody  secretion  has  been 
observed  in  rare  cases,  the  nipple  itself  being  intact. 

Microscopically,  an  admixture  of  leukocytes  is 
observed  in  various  diseases  of  the  breasts,  and 
especially  in  cases  of  abscess.  Of  pathogenic 
microorganisms,  streptococci  may  be  found  in  cases 
of  puerperal  fever;  more  commonly,  however,  they 
are  absent.  The  typhoid  bacillus  has  occasionally 
been  seen  in  cases  of  typhoid  fever,  and  it  is  inter- 
esting to  note  that  the  specific  a^lutinins  of  typhoid 
fever  have  been  found  in  the  milk.  Pneumococci 
have  been  obtained  from  the  milk  of  pregnant 
women  affected  with  lobar  pneumonia.  The  im- 
portant question  whether  or  not  tubercle  bacilli  are 
eliminated  in  the  milk  in  cases  of  phthisis  cannot 
be  definitely  answered.  In  cows  such  an  occur- 
rence is  certainly  common,  even  when  there  is  no 
demonstrable  tuberculous  lesion  of  the  udder.  So 
far  as  I  have  been  able  to  ascertain,  however, 
tubercle  bacilli  have  never  been  found  in  human 
milk.* 

A  blue  and  a  red  color  have  been  observed  in 
the  milk  of  cows,  owing  to  the  presence  of  the 
Bacillus  pyocyaneus  and  the  Micrococcus  pro- 
digiosus,  respectively, 

A  chemical  examination  of  human  milk  should 
always  be  made  when  it  is  apparent  that  the  nutri- 
tion of  the  baby  is  below  normal.  Valuable  dietetic 
su^iestions  may  thus  be  obtained.  In  other  cases, 
as  when  the  mother  is  unwilling  or  unable  to  nurse 
her  child  beyond  a  certain  period,  a  knowledge 
of  the  composition  of  her  milk  will  enable  the 
physician  to  give  specific  instructions  regarding  the 
proper  modification  of  cows'  milk.  If  a  wet-nurse 
is  to  be  employed,  her  milk  should  likewise  be 
examined.  Most  important  is  the  determination 
of  the  specific  gravity  and  of  the  amount  of  fat.  p  ,__q 
The  former  may  vary  between  1 .029  and  1 .033.  The  '"ikctod«iiM™*  * 
amount  of  fat  should  not  be  less  than  3  per  rent. 

Detenniiuition  of  the  Specific  Qravity.— The  specific  gravity  is 
best  determined  with  the  lactodensimeter  of  Quevenne  (Fig.  J  77).  As 
the  instrument  is  graduated  for  a  temperature  of  60°  F.,  it  is  necessary 
to  correct  the  specific  gravity  when  the  temperature  is  above  or  below 

■  EBcberich,  Fortschr.  d.  Med.,  1885,  vol.  iii,  p.  321.  KariiDski,  Wien.  med. 
Woch.,  1888,  vol.  xjixviii,  No.  28.  Ott,  PraR.  med.  Woch.,  1892,  vol.  xvii,  p. 
145.     Cohn  u.  Neumann,  Virchon's  Archiv,  1880,  vol.  cxxvi,  p.  187. 
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this  point     In  the  following  taUea  the  corrected  ^wcific  grari^  miT 

be  found  coiresptHiding  to  tempentures  ranging  from  46°  to  75°  F.: 
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Estimation  of  the  Fat. — The  estimation  of  the  fat  is  most  con- 
veniently acx^omplished  with  the  aid  of  the  Babcock  apparatus.  Special 
tubes  (Plate  XXIII)  which  have  a  long,  graduated  neck  accompany 
the  instrument.  With  a  special  pipette  17.6  c.c.  of  milk  are  measured 
off  and  introduced  into  one  of  the  flasks.  To  this  is  added  an  equal 
volume  of  concentrated  sulphuric  acid  (specific  gravity  1.8),  which 
should  be  slowly  done,  agitating  the  mixture  gently  by  a  rotary 
motion.  The  flask  is  placed  in  the  centrifugal  machine  (counter  v 
balanced  by  a  flask,  similarly  weighted)  and  whirled  for  five  minutes. 
After  this  boiling  water  is  added  to  the  base  of  the  neck  of  the  flask 
and  the  mixture  centrifugated  for  three  more  minutes;  boiling  water 
is  then  further  added  until  the  layer  of  fat  is  well  within  the  neck  of 
the  bottle  and  centrifugation  continued  for  two  to  three  minutes 
longer.  The  percentage  of  fat  is  finally  read  off  directly  on  the  neck 
of  the  bottle.  If  it  should  happen  that  the  fat  is  caked  in  the  tube, 
this  is  placed  in  hot  water  and  melted,  after  which  the  reading  is 
taken. 

For  human  milk  LeflFman  and  Bean  have  modified  these  bottles. 
They  are  graduated  so  that  each  small  division  corresponds  to  0.3 
per  cent,  of  fat.  The  sulphuric  acid  is  of  the  same  strength  as  above, 
but  the  amount  of  milk  which  is  needed  is  only  2.92  c.c,  which  is 
measured  oflF  by  means  of  a  special  pipette.  This  is  treated  with  an 
e(juivalent  volume  of  sulphuric  acid,  after  the  previous  addition  of 
0.6  c.c.  of  a  mixture  of  equal  parts  of  concentrated  HCl  and  amyl 
alcohol.  Special  jackets  are  provided  into  which  the  test  bottles 
fit,  and  these  can  be  attached  to  the  common  laboratory  centrifuge 
used  in  urine  work. 

Estimation  of  Lactose. — ^The  lactose  may  be  estimated  polarimetri- 
cally  or  as  follows:  Dilute  10  c.c.  of  milk  to  50  c.c.  with  water  and 
add  dilute  acetic  acid  carefully  until*  all  the  casein  has  separated  out. 
Filter  and  wash  the  precipitate  with  water  until  the  total  bulk  of  the 
filtrate  is  100  c.c.  Boil  in  order  to  remove  the  coagulable  albumins; 
filter  again,  wash  through  the  filter  until  the  filtrate  is  again  brought 
to  100  c.c.  In  this  final  solution  determine  the  amount  of  lactose 
by  Fehling's  method  (which  see).  10  c.c.  of  Fehling's  solution 
require  0.067  gram  of  lactose  for  the  complete  reduction  of  the  copper. 

Estimation  of  the  Proteids.  Boggs*  Method.'— This  is  the  most 
satisfactory  for  routine  work  and  can  be  warmly  recommended.  It 
is  based  upon  the  precipitation  of  the  proteids  with  phosphotungstic 
acid  in  hydrochloric  acid  solution,  and  in  Esbach  tubes. 

The  reagent  is  prepared  as  follows:  25  grams  of  phosphotungstic 
acid  are  dissolved  in  125  c.c.  of  distilled  water.  To  this  are  added 
concentrated  hydrochloric  acid  25  c.c,  diluted  with  distilled  water 
100  c.c.     This  is  essentially  a  10  per  cent,  solution  of  phosphotungstic 

*  Johns  Hopkins  Hosp.  Bull.,  vol.  xvii,  October,  1906. 
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add  in  3  per  cent.  HCl;  it  is  said  to  keep  for  numths,  wh^  kqit  in 
a  dark  bottle. 

The  Esbach  tubes  which  are  used  are  the  commcm  ones,  reading 
from  1  to  7  grams  pro  liter;  those  reading  to  12  gave  unsatistactoiy 
results. 

The  milk  is  diluted  to  1  in  10  for  human  milk  and  1  in  20  for  cows' 
milk;  if  the  proteid  content  is  veiy  low  a  dilution  to  1  in  5,  viz.,  1  in 
10  will  answer. 

The  diluted  milk  is  poured  into  the  tube  to  the  mark  U  and  the 
reagent  added  to  R,  reading  the  bottom  of  the  meniscus.  After  dos- 
ing with  a  stopper  the  tube  is  inverted  a  dozen  times  and  set  aside  in 
a  vertical  positioii  for  twenty-four  hours.  With  diluti<ms  of  1  in  10  the 
percaitage  is  read  off  directly  from  the  scale,  while  with  a  dilutian 
of  1  in  20  we  multiply  by  2  and  with  one  of  1  in  5  we  divide  by  2. 

It  is  essential  that  the  dilutions  should  be  accurate.  A  convenient 
outfit  consits  of  a  2  c.c.  pipette  graduated  in  toiths  and  a  sdibB 
standard  flask  of  20  c.c. 


CHAPTER    XIV. 
THE  OPSONINS. 

The  term  opsonin  has  been  introduced  by  Wright  and  Douglas  to 
designate  certain  substances  present  in  blood  serum  which  render 
various  bacteria  subject  to  phagocytosis.  The  organisms  in  question 
are  the  various  staphylococci,  streptococci,  pneumococci,  meningo- 
cocci, gonococci,  influenza  bacilli,  diphtheria  and  pseudodiphtheria 
bacilli,  anthrax  bacilli,  tubercle,  typhoid  and  colon  bacilli,  the  plague 
bacillus,  and  others.  For  all  these  normal  human  blood  serum  con- 
tains opsonic  material,  but  it  is  to  be  noted  that  with  certain  bacteria 
phagocytosis  only  occurs  if  the  strains  are  not  highly  virulent.  This 
i^  notably  the  case  with  streptococci  and  pneumococci.  On  the  other 
hand,  it  should  be  borne  in  mind  that  with  some  organisms  phago- 
cytosis will  take  place  in  normal  salt  solution,  in  the  absence  of 
blood  serum  (Bacillus  pyocyaneus.  Bacillus  subtilis,  and  others). 

While  normal  opsonins  are  more  or  less  thermolabile,  being  usually 
destroyed  by  heating  for  ten  minutes  at  60®  C,  the  opsonins  of  immune 
sera  are  generally  speaking  more  stable.  Whether  or  not  the  immune 
opsonins  are  identical  with  the  normal  opsonins,  as  Wright  claims, 
has  not  been  definitely  established.  My  own  researches,  in  contra- 
distinction to  those  of  Wright  and  Bulloch  tend  to  show  that  the  nor- 
mal opsonins  are  non-specific,  while  in  infections  results  are  at  times 
obtained  which  suggest  a  certain  specificity  of  the  opsonic  material. 

Of  the  chemical  nature  of  the  opsonins  nothing  is  known.  In 
association  with  Lamar,  I  have  shown  that  they  are  intimately  asso- 
ciated with  the  euglobulin  fraction  of  the  blood  albumins^  but  there 
is  some  reason  to  think  that  they  are  carried  down  only  mechanically 
with  this  fraction  and  that  they  are  not  necessarily  globulins  them- 
selves. 

Of  the  structure  of  the  opsonins  also  nothing  is  known.  Hektoen 
suggests  that  they  may  contain  a  haptophoric  group  which  unites  with 
bacterial  or  other  receptors,  and  a  functional  opsoniFerous  group  which 
brings  about  such  changes  in  the  cell  as  may  be  necessary  to  subject 
it  to  phagocytosis. 

Savtchenko  and  Dean  view  immune  opsonins  as  amboceptors,  but 
have  not  furnished  a  satisfactory  basis  for  such  an  assumption.  Greig- 
Smith  regards  the  immune  opsonins  and  agglutinins  as  identical,  and 
looks  upon  the  process  of  opsonification  as  the  first  phase  of  agglu- 
tination, but  also,  I  think,  without  an  adequate  basis. 
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Opsonins  oocuf  in  all  classes  of  vertebrates^  and  it  is  notewortbj 
that  the  serum  of  different  animals  (fish,  frog,  turtle,  chidcen,  gaioci* 
pig,  rabbit,  calf,  sheq>,  pig,  d<^,  cat,  etc)  is  capable  of  acti?iliif 
various  micro5rganisms  for  phagocytosis  by  leukocytes  of  aBionb 
of  different  speaes. 

Besides  bacteria  other  ceUs  can  also  be  opsonified.  Banath  his 
noted  the  presence  of  opsonins  in  small  amount  for  red  cdb  m  not- 
mal  serum  (hemopsonins).  Hektoen  obtained  similar  results  and 
also  showed  that  blastomyoetes  from  human  lesions  become  Sio^ 
rounded  by  masses  of  leukocytes  in  the  presmce  of  normal  huminaod 
dog  serum.  Preliminary  observation  (according  to  Hektora)  fuidia 
indicates  that  phagocytosis  of  tiypanosomes  Blbo  is  dependent  opoD 
opsonification.  Savtchenko  and  Melkich  obtained  pronounced  ph^ 
cytosis  of  the  spirochsete  of  relapsing  fever  with  serum  of  ccmviks- 
oent  patients. 

Clinical  interest  centres  in  Wrist's  observation  that  in  oeftain 
bacterial  infections  the  opsonins  are  frequ^i^y  diminished,  and  thtt  it 
is  possible  by  means  of  oacterial  vaccines  to  raise  the  opsonic  value 
an^eieby  to  increaae  the  patieiit's  f«sistaiK«  to  the  mv»li^ 
organisms.  As  a  matter  of  fact  it  has  now  been  satisfactoiuy  estab- 
lished that  the  bacterial  vaccines  represent  a  most  importimt  addition 
to  our  therapeutic  armamentarium  and  that  it  is  possible  in  many 
cases  to  cause  either  a  cure  or  an  improvement  in  the  patient's  condi- 
tion by  means  of  such  vaccines,  where  with  older  methods  of  treatment 
no  result  at  all   or  only  very  slow  improvement  could  be  expected. 
This  is  notably  the  case  in  the  more  chronic  bacterial  infections,  such 
as  acne,  sycosis,  furunculosis,  various  types  of  tuberculosis  (notably 
the  so-called  surgical  forms),  endocarditis,  bacterial  arthritis,  unre- 
solved pneumonia,  empyema,  the  most  diverse  wound  infections,  etc. 

The  basis  in  the  treatment  of  these  various  conditions,  according 
to  Wright,  is  the  opsonic  index,  viz.,  the  opsonic  value  of  the  infected 
individual  as  compared  with  the  normal.  According  to  his  teachings 
the  injection  of  a  dose  of  vaccine  is  followed  by  a  decrease  of  the 
opsonins  (the  negative  phase),  which  is  of  variable  d^ree  and  dura- 
tion depending  upon  the  amount  injected.  This  is  followed  by  an 
increase  (the  positive  phase),  coincidently  with  which  there  is  a 
corresponding  improvement  in  the  patient's  condition.  The  idea  is 
to  so  gauge  and  interspace  the  different  doses  that  a  negative  phase 
is  obviated  as  far  as  possible  and  a  "  high  tide"  of  increased  opsonic 
content  secured. 

While  a  low  opsonic  value  is  the  rule  in  the  more  chronic  cases,  and 
especially  in  connection  with  the  more  localized  infections,  high 
indices  may  be  observed  in  acute  cases  with  active  systemic  manifes- 
tations, and  frequently  alternate  with  low  values. 

Deviations  from  the  normal  may  at  times  be  of  distinct  diagnostic 
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value  when  they  affect  a  particular  microorganism,  and  Wright 
cites  a  number  of  examples,  to  emphasize  this  point.  I  cite  some 
of  his  more  important  deductions  in  the  diagnosis  of  tuberculous 
infection: 

1.  Conclusions  which  can  be  arrived  at  when  we  have  at  disposal 
the  results  of  a  series  of  measurements  (opsonic  determinations) : 

(o)  When  a  series  of  measurements  of  the  opsonic  power  of  the  blood 
reveals  a  persistingly  low  opsonic  power  with  respect  to  the  tubercle 
bacillus,  it  may  be  inferred,  in  the  cases  where  there  is  evidence  of  a 
localized  bacterial  infection  which  suggests  tuberculosis,  that  the 
infection  in  question  is  tuberculous  in  character. 

(6)  When  repeated  examination  reveals  a  persistingly  normal 
opsonic  power  with  respect  to  the  tubercle  bacillus,  the  diagnosis  of 
tubercle  may  with  probability  be  excluded. 

(c)  When  there  is  revealed  by  a  series  of  blood  examinations  a  con- 
stantly fluctuating  opsonic  index  the  presence  of  active  tuberculosis 
may  be  inferred. 

2.  Conclusions  which  may  be  arrived  at  where  we  have  at  disposal 
the  result  of  an  isolated  blood  examination: 

(a)  When  an  isolated  blood  examination  reveals  that  the  tuber- 
culo-opsonic  power  of  the  blood  is  low,  we  may — ^according  as  we  have 
evidence  of  a  localized  bacterial  infection  or  of  constitutional  disturb- 
ance— infer  with  probability  that  we  are  dealing  with  tuberculosis — 
in  the  former  case  with  a  localized  tuberculous  infection,  and  in  the 
latter  with  an  active  systemic  infection. 

(6)  When  an  isolated  blood  examination  reveals  that  the  tuberculo- 
opsonic  power  of  the  blood  is  high,  we  may  infer  that  we  have  to  deal 
with  a  systemic  tuberculous  infection  which  is  active,  or  has  recently 
been  active. 

(c)  When  the  tuberculo-opsonic  power  is  found  normal  or  nearly 
normal,  while  there  are  symptoms  which  suggest  tuberculosis,  we  are 
not  warranted,  apart  from  the  further  test  described  below,  in  arriving 
at  a  positive  or  a  negative  diagnosis. 

The  further  criterion  to  which  reference  has  been  made  in  the  pre- 
ceding paragraph  is  the  following: 

When  a  serum  is  found  to  retain  in  any  considerable  measure,  after 
it  has  been  heated  to  60°  C.  for  ten  minutes,  its  power  of  inciting  pha- 
gocytosis we  may  conclude  that  "incitor  elements"  (immune  opsonins) 
have  been  elaborated  in  the  organism  either  in  response  to  auto- 
inoculations  occurring  spontaneously  in  the  course  of  tuberculous 
infection,  or,  as  the  case  may  be,  under  the  artificial  stimulus  supplied 
by  the  inoculation  of  tubercle  vaccine. 

The  above  considerations  apply  also  in  the  case  of  other  bacterial 
infections,  and  in  the  examination  of  exudates  as  well. 

In  a  general  way  my  own  observations  bear  out  the  correctness  of 
Wright's  diagnostic  inferences,  but  I  am  inclined  to  attach  importance 
41 


642  ^SE  OPSONINS 

only  to  the  results  of  repeated  examinations  and  to  pnmounced  devia- 
tions from  the  normal  variations,  viz.,  0.8  to  1.2.  Sin^  oh9er?atioiis 
are  of  relatively  Uttle  importance,  and  purely  loodized  infections 
without  systemic  symptoms  may  show  no  deviation  from  the  Qomil 
whatever.  Positive  results  are  thus  only  of  value,  whOe  Qomil 
values  do  not  exclude  the  existence  of  infection. 

As  regards  the  necessity  of  controlling  bactmal  inoculation  b^ 
the  opsonic  index,  my  own  observations  and  those  of  some  of  my  col- 
leagues tend  to  show  that  the  acts  on  this  subject  are  by  no  means 
closed.  If  attempts  at  progressive  active  immunizaticm  are  to  be 
made,  an  index  of  some  kind  is  certainly  desirable,  aside  frcmi  piir^ 
clinical  symptoms,  and  the  opsonic  index  in  these  cases  is  m  my 
opinion  unquestionably  of  value.  If  we  see,  as  the  result  of  repeated 
injections,  that  the  phagocytic  power  of  the  patient  is  rapidly  beiiig 
diminished  and  finidly  practically  hdd  in  abeyance,  there  can  be  no 
doubt  to  my  mind  that  immunization  in  sudi  a  case  is  not  beiif 
carried  out  to  best  advantage.  Hie  index  in  such  cases  would  ce^ 
tainly  be  of  value.  Then,  again,  if  we  find  that  a  single  inoculation  in 
a  given  case  invariably  causes  a  marked  drop  in  the  phagocytic  power, 
while  smaller  doses  do  not  bring  about  this  result,  it  is  clear  that  here 
also  the  determination  of  the  index  would  be  of  value.  I  should  hence 
advocate  its  use  in  therapeutic  ^ork,  especiidly  in  cases  showing  active 
disease,  and  notably  so  in  children  in  whom  a  marked  depression  of  the 
phagocytic  power  may  be  caused  by  using  vaccine  in  the  doses  recom- 
mended for  adults. 

In  markedly  chronic  cases,  on  the  other  hand,  in  which  the  opsonic 
index  shows  but  little  variation  from  the  normal,  bacterial  vaccines 
may  safely  be  used  in  small  doses  and  at  intervals  of  from  eight  to 
ten  days  with  but  little  control  by  the  index. 

An  opsonic  immunity,  in  the  sense  of  a  continued  high  index  as 
the  result  of  immunization,  does  not  exist.  In  the  majority  of  cases 
the  injection  of  a  suitable  dose  of  vaccine  causes  no  negative  phase 
which  would  not  readily  be  explained  by  unavoidable  errors  of  tech- 
nique; after  several  dajrs  there  is  then  a  rise  of  a  few  tenths  and  after 
that  a  return  to  near  the  normal  line.  Continued  high  values  are 
very  rarely  seen;  sooner  or  later  there  is  a  return  to  normal,  even 
though  improvement  continues. 


TECHNIQUE. 

Principle. — Wright's  method  is  based  upon  the  comparison  of  the 
number  of  organisms  taken  up  by  a  given  number  of  leukocytes  under 
the  opsonifying  effect  of  the  patient's  serum,  with  the  corresponding 
number  observed  in  the  case  of  a  normal  control  serum,  the  latter 
value  being  placed  as  1. 
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Example. — Supposing  that  with  the  patient's  serum  the  average 
lumber  of  organisms  pro  cell  (the  phagocytic  index)  was  5  and  with 
:he  normal  serum  10,  then  from  the  equation  10:1:: 5: a;,  it  would 
follow  that  the  opsonic  index  was  0.5. 

I  have  pointed  out  at  another  place  that  Wright's  method  is  open 
to  certain  fallacies,  and  that  more  accurate  results  can  be  obtained  by 
estimating  the  percentage  of  phagocyting  leukocytes.  By  comparing  the 
figures  thus  obtained  with  the  figure  corresponding  to  a  specimen  of 
normal  blood  serum,  terming  the  latter  value  1,  an  index  is  obtained 
which  is  directly  comparable  to  Wright's  index.  As  the  percentage  of 
phagocyting  cells  is  to  a  certain  extent  dependent  on  the  number  of 
organisms  present,  it  \s  advantageous  to  work  with  an  emulsion 
which  with  normal  serum  will  give  a  percentage  of  about  50;  this 
will  allow  for  an  increase  of  the  index  in  the  patient's  blood  to 
about  2,  which  is  sufficient  for  all  practical  purposes.  If  higher 
values  are  to  be  expressed  it  is  necessary  to  dilute  the  serum  (both 
normal  and  that  of  the  patient)  in  the  proportion  of  1  to  10,  1  to 
20,  etc.,  with  saline  solution  and  to  proceed  upon  the  same  prin- 
ciple. 

Example. — With  the  patient's  serum  80  per  cent,  of  the  cells  were 
found  to  be  phagocyting  and  with  normal  serum  only  50.  The  index 
would  be  obtained  according  to  the  equation  50:1:: 80: a;,  and  would 
accordingly  be  1.6. 

K  for  any  reason  Wright's  bcunllary  index  is  to  be  used,  I  should 
recommend  that  the  percentage  index  be  calculated  at  the  same  time; 
it  will  be  found  a  useful  check  upon  the  former  and  readily  shows  up 
errors  that  may  have  been  made  in  counting,  depending  on  clumping 
of  the  organism.  Under  favorable  conditions  both  will  agree  to  the 
second  decimal.  If  both  are  normal,  above  or  below  normal,  Wright's 
index  may  be  regarded  as  giving  more  or  less  correct  values,  but  if 
they  diflFer,  the  one  being  high  and  the  other  low,  the  percentage 
value  should  be  accepted  in  lieu  of  the  other. 

To  obtain  the  best  idea  of  the  opsonic  content  of  the  blood,  estima- 
tions should  be  made  not  only  with  the  concentrated  serum,  but  also 
with  dilutions,  and  I  would  reconmiend  that  1  to  20  and  1  to  40  be 
accepted  as  standards;  in  that  case  the  emulsion  of  organisms  should 
be  made  rather  dense  so  as  to  give  values  between  50  and  100  for 
concentrated  normal  blood.  The  best  indeed  would  be  if  all  opsonic 
workers  were  to  accept  a  definite  standard  in  this  respect,  as  results 
would  then  be  more  directly  comparable. 

Method. — ^The  material  necessary  for  an  opsonic  estimation  is  the 
following: 

The  patient's  serum. 
Normal  control  serum. 
Washed  corpuscles. 
The  bacterial  emulsion. 
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1.  Preparation  of  the  PafierU's  Serum. — ^A  small  amount  of  blood 
(about  6  or  8  drops)  is  collected  from  a  puncture  of  the  ear  by  means  of 
a  little  pipette  (Plate  XXIV,  Fig.  a)  and  immediately  transferred 
to  a  small  glass  tube  having  a  diameter  of  about  one-quarter  of  an  inch 
(Plate  XXIV,  Fig.  6),  which  is  then  tightly  corked.  The  blood  is 
allowed  to  clot,  the  coagulum  separated  from  the  walls  of  the  tube,  and 
the  specimen  ccntrifugahzed  (water  or  electrical  centrifuge)  until  the 
corpuscles  have  been  packed  down  and  thus  separate  from  the 
serum. 

Wright  recommends  the  collection  of  the  blood  in  special  capsules 
(Plate  XXIV,  Fig.  c),  which  are  then  sealed  in  a  flame.  He  obtains 
the  blood  by  puncturing  the  thumb  near  the  root  of  the  nail,  after 
having  previously  allowed  the  arm  to  hang  down  and  then  applying 
some  constriction  behind  the  distal  joint  (tape,  rubber  tubing).  The 
puncture  is  made  with  a  fine  glass  needle  obtained  by  drawing 
out  a  piece  of  glass  tubing  in  the  flame  of  a  small  burner.  Vfhen 
the  bent  capillary  of  the  capsule  is  held  to  the  exuding  blood  it  enters 
by  capillary  attraction.  On  warming  the  body  of  the  capsule  the 
blood  rises  into  it,  when  both  ends  are  sealed. 

In  my  experience  Wright's  procedure  ofiFers  no  material  advantages 
over  the  simpler  method  which  I  employ  myself.  The  serum  should 
not  be  older  than  twenty-four  hours. 

2.  Preparation  of  Normal  Control  Serum. — ^This  is  collected  in  the 
same  manner  as  the  patient's  serum  and  separated  from  the  corpuscles 
by   centrifugatin.     It  is  preferable   to  pool  three  or  four  normal 
sera,  viz.,  to  mix  equal  quantities  from  three  or  four  individuals.    If, 
however,  the  serum  of  one  single  person  (of  the  experimenter,  for 
example)  has  been  thoroughly  studied  and  always  found  normal,  this 
single  serum  may  suffice  for  all  ordinary  purposes.     Women  during 
menstruation,  hard  smokers,  and  individuals  who  are  pale  and  below 
weight,  even  if  otherw^ise  healthy,  should  not  be  taken  as  control,  nor 
included  in  a  pool.     Occasionally  apparently  normal  individuals  are 
also  met  with,  who  habitually  have  a  higher  opsonic  content  than  nor- 
mal, and  such  nuist  of  course  also  be  excluded.     The  process  of 
digestion  further  tends  to  increase  the  opsonic  content  of  the  blood, 
so  that  it  is  advisable  to  take  the  blood  of  the  patient  and  the  pool 
ap])roximately  at  the  same  time  of  the  day. 

As  with  the  patient's  blood,  the  control  serum  should  not  be  older 
than  twenty-four  hours;  in  my  own  w^ork  I  use  no  blood  that  is  older 
than  twelve  liours. 

3.  Prrparaiion  of  Washed  Corpuscles, — ^The  blood  is  most  con- 
venientlv  collected  from  the  ear  and  received  in  a  tube  containing 
either  \.i)  per  cent,  of  sodium  citrate  solution  or  1.2  per  cent,  saline, 
containing  0.1  j)er  cent,  ammonium  oxalate  to  prevent  clotting.  The 
amount  will  depend  upon  the  number  of  specimens  that  are  to  be  pre- 
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pared;  1  c.c.  of  blood  is  sufficient  for  at  least  a  dozen  mounts.  Small 
test-tubes  of  5  c.c.  capacity  are  very  convenient.  (The  anticlotting 
fluid  should  be  watched  and  the  supply  renewed  when  it  becomes 
turbid.)  Clots  must  be  avoided  and  the  specimen  promptly  discarded 
if  the  slightest  coagulum  has  formed.  This  will  rarely  occur  with 
reasonably  fresh  anticlotting  fluid.  The  tubes  are  centrifugalized 
until  the  corpuscles  have  been  well  packed  down  and  an  opaque  little 
film  (of  leukocytes)  can  be  made  out  on  top  of  the  red  cells.  The 
supernatant  fluid  is  then  pipetted  ofiF  and  replaced  with  1.2  per  cent, 
saline;  the  washing  is  repeated  once  more  and  after  the  corpuscles 
have  been  again  packed  down  the  fluid  is  carefully  withdrawn  (the 
last  traces  with  a  capillary  pipette).  Wright  then  uses  the  superficial 
layer  of  corpuscles  only,  as  this  is  especially  rich  in  leukocytes  (the 
leukocytic  cream).  In  my  laboratory  we  shake  up  the  cells  thoroughly 
and  find  that  we  obtain  a  sufficient  number  of  leukocytes  in  this  way 
also. 

The  washed  corpuscles  should  not  be  kept  longer  than  five  or  six 
hours. 

4.  Preparation  of  the  Bacterial  Emtdsions. — ^Perfectly  uniform  bac- 
terial emulsions  cannot  be  secured  as  a  matter  of  routine;  some  clumps, 
if  only  of  a  few  organisms,  are  practically  unavoidable.  For  this 
reason  I  prefer  the  percentage  index  to  the  bacillary  index,  as  it  is 
not  subject  to  errors  arising  from  this  source. 

With  some  organisms,  an  emulsion  of  a  fair  degree  of  uniformity 
is  more  readily  obtained  than  with  others;  with  the  tubercle  bacillus 
especially  it  is  very  difficult. 

Emvlsions  of  Cocci, — Staphylococci  and  streptococci  may  be  grown 
on  plain  agar,  while  gonococci,  pneumococci,  and  meningococci  are 
cultivated  on  blood  agar  or  hydrocele  agar.  Small  tubes,  such  as  the 
one  pictured  on  Plate  XXIV,  are  charged  with  a  little  saline  solution 
(0.85  to  1.2  per  cent.).  A  bit  of  the  culture  is  removed  with  a  plati- 
num loop  and  very  gently  rubbed  against  the  wall  of  the  tube,  at  the 
surface  of  the  liquid;  this  must  be  done  with  a  light  hand,  and  slowly. 
When  the  fluid  has  become  turbid  it  is  centrifugalized  for  a  few  min- 
utes so  as  to  remove  clumps  as  far  as  possible  and  to  acquire  the 
proper  degree  of  thickness.  This  point  can  only  be  learned  by  expe- 
rience; trial  tubes  (see  below)  should  be  filled  and  specimens  mounted 
from  emulsions,  showing  various  degrees  of  turbidity.  Wright 
obtains  the  best  result  if  four  or  five  cocci  are  found  pro  cell,  while 
with  the  percentage  method  I  aim  at  a  thinner  emulsion,  viz.,  one 
furnishing  about  50  per  cent,  of  phagocyting  cells.  Small  glass 
capsules  may  be  prepared  containing  emulsions  of  barium  sulphate 
of  varying  degrees  of  turbidity,  and  corresponding  to  standard  emul- 
sions of  the  various  organisms;  these  are  convenient  in  determining 
how  far  the  centrifugation  is  to  be  carried. 
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It  has  been  leoommended  that  the  cultures  should  always  be  fresk 
and  not  more  than  twenty-four  hours  old.  This  is  not  neoessaiy 
with  all  organisms.  Knorr  has  shown  that  the  same  decree  of  phsr 
gocytosis  is  obtained  with  cultures  of  the  staphjdoooccus  more  than 
a  month  old,  as  with  young  cultures,  and  in  my  laboratory  we  ha,Te 
worked  successfully  with  one  and  the  same  emulsion  pres^red  wi& 
a  few  drops  of  chloroform  for  a  couple  of  months. 

Emulsions  of  Colon  and  Typhoid  Bacilli. — ^Wright  recommends  the 
use  of  cultures  only  foiur  hours  old.  With  older  cultures  the  sphoiF 
lation  of  the  organisms  is  such  that  approximate  results  only  can  be 
obtained.  The  percentage  method  with  these  organisms  is  certaiufy 
far  superior  to  Wright's  method.  The  emulsions  are  prepared  in  the 
same  way  as  directed  for  the  coed. 

EmvUums  of  the  Tvherde  BadUus. — Cole  has  obtuned  the  best 
results  by  starting  with  living  cultures  of  the  tuberde  bacillus  on 
glycerin  agar  which  are  killed  by  exposure  to  sunli^t  for  twenty- 
four  hours.  Some  of  the  material  is  then  scraped  off,  ground  up  in 
an  agar  mortar  with  1.5  per  cent,  saline,  and  centrifugalized  to  ranove 
clumps.  If  contamination  is  guarded  against  the  supernatant  emul- 
sion can  be  used  for  at  least  a  month. 

I  have  not  had  an  opportunity  to  use  emulsions  prepared  in  thb 
manner,  and  am  familiar  only  with  material  prepared  from  dried  and 
ground-updead  bacilli.  A  small  amount  of  these  is  placed  in  an  agar 
mortar  and  ground  up  with  1.5  per  cent,  saline  solution,  whidi  is 
slowly  added  drop  by  drop.  The  emulsion  is  centrifugalized  free 
from  coarse  clumps,  but  always  contains  smaller  ones  which  are 
practically  impossible  to  remove.  I  have  worked  with  extracted  and 
non-extracted  bacilli,  with  0.1  and  1.5  per  cent,  saline,  with  heated 
and  unheated  bacilli,  but  have  not  yet  seen  an  emulsion  of  the  tubercle 
bacillus  that  was  free  from  clumps. 

Wright  recommends  that  the  emulsion  should  be  of  such  thick- 
ness that  one  or  two  organisms  are  found  on  an  average  for 
each  cell,  while  I  aim  at  approximately  50  per  cent,  of  phagocyting 
cells. 

5.  Charging  the  Pipette. — Having  prepared  the  patient's  serum, 
normal  control  serum,  washed  corpuscles,  and  bacterial  emulsion, 
these  tubes  are  conveniently  placed  in  a  dishful  of  sand  covered  with 
a  piece  of  white  filter  paper,  perforated  to  receive  the  tubes  and 
marked  accordingly. 

Mixing  pipettes  are  prepared  from  glass  tubing  having  an  inside 
diameter  of  approximately  6  mm.  (J  inch).  To  this  end  pieces  of 
tubing  are  cut,  measuring  about  15  cm.  (6  inches)  in  length,  and 
drawn  out  in  the  flame  of  a  Bunsen  burner,  so  that  capillary  stems 
are  obtained  about  15  to  18  cm.  (6  to  7  inches)  long,  with  an  approxi- 
mate diameter  of  1  mm.,  or  a  trifle  less.    The  ends  are  cut  off  square 
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with  a  fine  file.  The  tubes  are  marked  about  f  to  1  inch  from  the 
ends  with  a  glass  pencil  and  provided  before  use  with  a  rubber  nipple 
(ordinary  medicine-dropper  nipples) .  (See  Plate  XXIV.)  One  volume 
of  corpuscles  is  then  drawn  up  to  the  mark,  followed  by  one  volume 
of  serum  and  one  of  bacterial  emulsion,  the  three  portions  being 
separated  from  one  another  by  little  bubbles  of  air.  The  contents  of 
the  tube  are  next  blown  out  upon  a  slide,  well  mixed,  drawn  up  and 
blown  out  repeatedly,  and  finally  drawn  up  in  a  solid  column,  holding 
the  pipette  almost  vertically  to  avoid  bubbles  of  air.  The  end  of  the 
capillary  stem  is  sealed  in  the  flame  of  a  Bunsen  burner  or  an  alcohol 
lamp  and  the  tube  incubated  at  37°  C.  for  fifteen  minutes. 

6.  The  Slide  Mount  and  Staining. — After  incubation  the  end  of 
the  tube  is  pinched  off,  a  large  drop  mounted  upon  a  clean  slide, 
stirred  with  the  end  of  the  tube,  and  a  spread  made  with  a  second 
slide  as  in  ordinary  blood  work,  only  a  little  thicker  and  using  no 
force  whatsoever.  (See  Fig.  17.)  After  drying  in  the  air  the  specimens 
(excepting  tubercle  mounts)  are  stained  without  previous  fixation, 
either  with  a  1  per  cent,  aqueous  solution  of  methylene  blue  or 
with  some  polychrome  dye  like  Jenner's,  Hastings',  Giemsa's,  etc.  I 
find  the  aqueous  methylene  blue  especially  convenient,  as  it  largely 
removes  the  hemoglobin  from  the  red  cells;  thicker  specimens  can 
thus  be  prepared  and  there  will  consequently  be  more  leukocytes.  K 
the  leukocytic  cream  is  used,  thin  preparations  can  be  made  and 
stained  with  polychrome  dyes;  the  resulting  pictures  are  very 
pretty. 

Tubercle  specimens  are  fixed  by  immersion  for  ten  minutes  in  a 
saturated  aqueous  solution  of  mercuric  chloride.  They  are  then 
washed  off  in  water,  stained  with  steaming  carbol-fuchsin  solution 
(Czaplewsky's  formula,  p.  345,  foot  note  5),  washed  in  water,  decolor- 
ized in  2  per  cent,  sulphuric  acid,  washed,  immersed  for  a  few  seconds 
in  0.1  per  cent,  sodium  carbonate  solution,  washed  again,  counter- 
stained  for  one  minute  with  1  per  cent,  aqueous  methylene  blue, 
washed  once  more,  arid  set  up  to  dry. 

7.  Counting. — To  obtain  the  bacillary  index  a  series  of  50  or  more 
polynuclear  leukocytes  are  examined  and  the  number  of  organisms 
in  each  noted;  the  average  for  one  represents  the  phagocytic  index. 

To  obtain  the  percentage  index  it  is  only  necessary  to  note  the 
number  of  phagocyting  cells  in  the  series  and  to  work  out  the  percent- 
age. The  opsonic  index  in  either  case  is  calculated  by  dividing  the 
patient's  value  by  the  normal  control,  as  already  described. 

To  obtain  reliable  counts  much  practice  is  necessary,  and  every  one 
will  have  to  work  out  his  own  personal  equation  in  deciding  what 
organisms  are  to  be  counted  in  or  out,  when  lying  in  the  margin  of  the 
cell,  whether  a  certain  cell  is  to  be  excluded  because  it  contains  too 
many  organisms  to  be  counted,  how  many  negative  cells  are  to  be 
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thrown  out  to  balance  an  eUminated  positive  cdl,  etc.  For  this 
reason  the  counts  between  two  indinduals  will  often  vary  conndenUy, 
unless  a  very  large  number  of  cells  has  been  gone  over,  while  for  the 
same  person  comparative  counts  will  agree  much  more  dosdy. 

I-ITEHATITRE.— Wn;i;hl  and  DouRla,-,  Proc  Krj^«l  Soc.,  1903,  vol.  liii,  p.  S57; 
ibid,,  1904,  vol.  Ixxiii,  p.  128;  ihid.,  p.  i:)5,  iljid.^.  147.  Wrjriit  and  Read, 
ibid  ,  1906,  vol.  Ixxvji,  u.  194,  and  ibid.,  p.  211.  Hektocn  and  mdigcr.  Join. 
of  Infect.  Diseases,  1905,  vol.  ii,  p.  128.     Hokfo«a,  Fbapteytama  and  OpKoint. 


Journ,  Amer.  Hed.  . 

Hospital   HuU.,   1906,  vol.  ;_      .   ^  _ ,       ^ 

Exper,  Med.,  19(B,  vol.  viii,  p,  6j1.  Simon,  Joum.  Amer.  Hod.  Ah>c,  Jan.  12, 
1907,  p.  138.  FottiT.  Diltnan,  and  Bradlev.  ibid.,  Nov.  24  aod  Dm.  1,  ItKA 
Knorr,  ibid..  April  13,  1907.  p.  1256.  RoW'TheOpaoniolliMfT  and  tto^nli- 
cation  to  Hodicine  and  SurKcn'."  Brit.  Mod.  Jaum.,  1906.  AiDodi,  Loodon 
PractitbncT,   Dec,   1905.     Wright,  Lancet,   Dec  2  and  Dee.  9,   190S.    Oate- 

,  CbIvctI.  "Opsonins  tuid  the  Opsonic  Index  and  their  Fractied  Value  in  Uk 

^■T>eaiment  oE  Diaeaso,"  Lancet,  Veb.  2,  1907. 


APPENDIX. 


A. 
PREPARATION  OF  CULTURE  MEDIA. 

Nutrient  Bouillon. — Dissolve  6  to  8  grams  of  Liebig's  beef  extract 
together  with  5  grams  of  sodium  chloride  and  10  grams  of  Witte  peptone 
in  about  100  c.c.  of  water  by  the  aid  of  heat,  stirring  with  a  glass  rod. 
Render  the  solution  faintly  alkaline  to  htmus  (red  paper  should  turn 
faintly  blue,  while  the  blue  paper  remains  unchanged)  by  adding  a 
fairly  concentrated  solution  of  sodium  carbonate  drop  by  drop.  Or 
titrate  10  c.c.  with  -^  normal  alkali,  using  phenolphthalein  as  an  indi- 
cator, to  the  point  of  the  first  pink  which  persists;  estimate  the  cor- 
responding amount  of  normal  alkah  which  must  accordingly  be 
added  to  the  remaining  bulk  of  the  fluid;  add  this  and  dilute  to 
1000  c.c. 

Example, — 10  c.c.  required  the  addition  of  10  c.c.  of  ^^  normal 
alkah.  There  remain  90  c.c.  of  bouillon;  for  each  10  c.c.  in  this,  viz., 
9,  it  is  necessary  to  add  10  c.c.  y^  alkali ;  so  in  this  case  90  c.c.  Instead 
of  using  so  much  of  the  y^y  solution  it  is  convenient  to  use  9  c.c.  of 
the  full-strength  normal  solution.  This,  however,  is  not  necessary; 
the  j\  normal,  in  the  amount  mentioned,  can  be  used,  if  it  only  is 
available. 

If  by  any  chance  too  much  alkah  has  been  added,  use  very  dilute 
hydrochloric  acid  to  return  to  the  neutral  point. 

In  any  event  test  the  final  reaction  with  litmus  paper  and  see  to 
it  that  the  reaction  is  slightly  but  distinctly  alkaUne  while  blue  litmus 
paper  remains  unchanged.  Then  filter  into  a  Uter  flask,  plug  the 
mouth  with  cotton,  and  sterilize  for  one  hour  in  the  steam  steriUzer. 
After  that  tubes  are  filled  to  the  desired  height  (IJ  to  2  inches)  and 
again  steriHzed. 

Olncose  Bouillon. — This  is  nutrient  bouillon  to  which  1  to  2  per  cent, 
of  glucose  has  been  added. 

Lactose  Bouillon. — Nutrient  bouillon,  containing  1  to  2  per  cent,  of 
lactose. 

Other  carbohydrate  bouillons  contain  corresponding  amounts  of 
material. 


650  APPENDIX 

Hutrient  Oalfttim. — 6  to  8  grams  of  Liebig's  beef  extract,  5  grams  of 
sodium  chloride,  and  10  grams  of  Witte  ^peptone  are  dissolved  in  a 
liter  of  water,  as  in  the  preparation  of  nutri^it  boiiillcMi.  To  this 
solution  100  to  150  grams  of  gelatin  are  added,  the  latter  Inoken  19 
into  small  pieces.  T^e  mixture  is  boiled  in  an  agate  saucepan, 
stirring  frequently  so  as  not  to  bum  the  gelatin  at  the  bottom.  It  is 
then  neutralized  as  described  above  (preparation  of  nutrient  bouiDon), 
and  clarified  by  the  additi(Hi  of  the  white  of  an  ^g  beaten  up  in 
50  c.c.  of  water.  Before  this  is  added  the  s<Jution  should  be  aUowed 
to  cool  to  60^  C.  After  this  the  boiling  is  continued  for  fifteen  minutes, 
allowance  bdng  made  for  evaporati(Hi  by  the  additicm  of  a  litUe  water 
from  time  to  time.  T^e  solution  is  then  filtered.  To  this  end  no 
hot-water  funnel  or  other  artificial  contrivance  is  necessary.  The 
essential  requisite  is  that  the  gelatin  is  in  solution  and  has  been 
actually  boiling.  The  filter  is  wetted  thoroughly  before;  if  the  fiist 
4  C.C.  should  pass  throu^  turbid  th^  are  passed  back.  If  the  fil- 
tration should  cease,  the  material  in  the  funnel  must  be  further 
boiled  and  the  filtration  continued  thereafter. 

The  filtrate  is  received  in  a  flask,  plugged  with  cottcm,  and  ster- 
ilized on  three  consecutive  days  in  the  Arnold  sterilizer  for  fifteen  to 
twentjT  minutes  daily.  Tubes,  however,  can  be  charged  oa  the  first 
day  and  the  sterilization  carried  on  in  these. 

Nutrient  Agar. — ^This  consists  of  nutriait  bouillon,  containg  1  to  1^ 
per  cent,  of  agar.  The  agar  (10  to  15  grams)  is  cut  into  very  smaU 
pieces  and  placed  for  twenty-four  to  forty-eight  hours  in  600  c.c.  of 
water  containing  the  5  grams  of  salt  required  for  the  liter  of  bouillon. 
In  the  mean  time  the  6  to  8  grams  of  Liebig's  beef  extract  and  10 
grams  of  peptone  are  dissolved  in  400  c.c.  of  water,  neutralized  as 
described  (see  Nutrient  Bouillon),  and  sterilized.  After  soaking  as 
indicated,  the  agar-salt  mixture  and  the  neutralized  beef-peptone  solu- 
tion are  poured  together  in  an  agate  saucepan  and  the  depth  of  the 
liquid  measured;  300  c.c.  of  water  are  then  added  to  allow  for 
evaporation  during  the  two  hours  and  a  half  of  active  boiling  which 
must  follow.  During  this  process  the  liquid  must  not  fall  below  its 
original  bulk.  The  white  of  an  egg  beaten  up  in  50  c.c.  of  water  is 
then  added  (the  liquid  should  be  previously  allowed  to  cool  to  60°  C. 
by  setting  the  pan  in  a  vessel  with  cold  water),  after  which  the  boiling 
is  continued  actively  for  half  an  hour  longer,  when  the  agar  is  filtered 
through  a  previously  prepared  filter  which  has  been  well  w^etted. 
If  the  agar  is  well  in  solution  the  liter  will  pass  through  in  little  more 
then  half  an  hour.  If  filtration  should  stop,  the  material  must  be 
boiled  again  and  a  new  filter  prepared.  The  agar  can  be  filtered 
into  tubes  the  same  day  or  kept  in  a  plugged  flask;  in  either  case  it 
must  be  sterilized  for  three  consecutive  days  in  the  steam  sterilizer 
for  fifteen  to  twenty  minutes  daily. 

If  agar  slants  are  to  be  prepared,  care  must  be  taken  not  to  fill  the 
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tubes  too  high.  After  their  final  sterilization  they  are  laid  down, 
slightly  elevated  at  the  open  end,  so  that  the  agar  forms  a  long 
slant;  in  this  position  they  remain  for  some  hours  (over  night). 

Olycerin  A|^. — ^This  is  nutrient  agar  containing  6  to  8  per  cent,  of 
glycerin.    This  is  added  after  filtration  and  before  sterilization. 

Olncose  Agar. — This  is  nutrient  agar  containing  1  to  2  per  cent,  of 
glucose.  The  glucose  is  conveniently  dissolved  in  the  beef  extract- 
peptone  portion. 

Other  carbohydrate  agars  contain  corresponding  amounts  of 
material. 

LitmuB  Agar.— This  is  ordinary  agar  which  has  been  colored  by 
the  addition  of  a  5  per  cent,  solution  of  purified  litmus;  the  agar 
should  show  a  bluish  color. 

Litmos-Garbohydrate  Agar. — Litmus  agar  containing  1  per  cent,  of 
one  of  the  various  carbohydrates — dextrose,  lactose,  mannite,  etc. 

Hydi^ele  Agar  (Gushing). — ^The  fluid  (hydrocele  or  ascitic)  is 
obtained  sterile,  the  locaUty  of  puncture  being  carefully  steriUzed  by 
modem  surgical  methods,  the  sterile  trocar  covered  at  its  external 
end  with  sterile  gauze,  so  as  not  to  be  infected  by  the  operator's  hand, 
and  the  fluid  collected  in  sterile  flasks,  the  sterile  stoppers  being  then 
replaced.  When  collected  in  this  way  it  rarely  becomes  contami- 
nated and  may  often  be  kept  for  months  before  using.  This  fluid 
is  mixed  with  ordinary  nutrient  agar.  A  number  of  common  agar 
slants  are  placed  in  the  autoclave  for  five  minutes.  This  liquefies 
the  agar  and  at  the  same  time  thoroughly  sterilizes  the  tubes  and 
cotton  stoppers.  The  slants  are  then  put  in  a  water  bath  at  55°  C, 
so  as  not  to  coagulate  the  albumin  when  mixed  with  the  agar. 
The  stopper  having  been  removed  from  a  small  flask  of  hydrocele 
fluid,  the  top  of  the  flask  is  flamed  and  the  albuminous  fluid  then 
poured  into  an  agar  tube  (the  top  of  which  has  also  been  flamed)  in 
the  proportion  of  a  little  more  than  1  to  2.  It  is  well  to  have 
as  much  of  the  hydrocele  fluid  as  the  future  solidity  of  the  medium 
will  allow.  Ordinary  agar  will  allow  not  quite  equal  parts  of  the 
two.  The  stopper  is  then  returned  to  the  agar  tube,  which  is 
immediately  slanted.  On  these  slants  gonococci  grow  most  abun- 
dantly in  or  near  the  liquid  which  is  squeezed  out  of  the  medium 
and  collects  at  the  bottom  of  the  tube.  Some  cultures  will  main- 
tain a  vigorous  growth  after  numerous  transplantations,  while  others 
again  grow  only  two  or  three  times,  or  indeed  once  only. 

Blood  Agar. — ^Agar  tubes  are  melted,  as  just  described,  and  then 
placed  in  a  water  bath  at  50°  C.  To  each  tube  approximately  one- 
half  of  a  cubic  centimeter  of  human  blood  is  added.  Agar  and  blood 
are  well  mixed  and  the  tubes  immediately  slanted.  Before  use  they 
should  be  incubated  for  twenty-four  hours  to  see  that  they  are  sterile. 
The  necessary  blood  is  obtained  by  aspirating  a  vein  with  a  sterile 
syringe,  containing  a  little   1  per  cent,  sodium  citrate  to  prevent 
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ooagiilationi  or  it  may  be  collected  in  a  sterile  glaas  [Mpette  L<Hn  the 
ear  under  antiseptic  precautions. 

Kentnd  Bad  Agar. — Agar  2  per  cent,  grape,  sugar  0.3  per  cent, 
neutral  red  sdution  1  c.c.  (satun^ed  wateiy  solution  of  Ehiiidi^ 
neutral  red).    IMSx;  sterilise. 

Dunham's  Sobilkm. — Hiis  is  common  nutrient  bouiOoa  widioiit  the 
addition  of  Liebig's  beef  extract.  Its  reaction  is  neutral,  or  siiglMf 
alkaline  per  9e^  and  need  hence  not  be  corrected.  Tlie  soludon  b 
filtered,  tubes  filled  and  sterilized,  as  in  the  case  of  bouilkm. 

Ufenras  milL — ^Fresh  milk  whkh  has  been  freed  frc»n  cream,  as 
far  as  possible,  is  treated  with  tincture  of  litmus  until  it  presents  a 
distinct  blue  cdor.  Tubes  are  filled  with  this  and  sterilised  on  two 
successive  days  for  an  hour  at  a  time. 

Lttmna  Whey.— To  500  c.c.  of  milk  add  10  to  12  c.c.  \  solution  HO 
to  precipitate  the  casein.  Neutralize  with  soda  solution.  Boil  one  to 
two  hours.  Let  the  precipitate  fall  to  the  bottom.  Take  100  c.c.  cf 
fluid  and  add  5  c.c.  litmus  soluti<m.  Place  in  tubes;  sterilize  for 
from  two  to  three  hours  at  100^  C. 

Pofealo  Slant. — ^Lai^  potatoes  are  selected.  Hiey  are  thcNroa^ 
scrubbed  in  running  water  and  cylinders  forced  out  with  a  large  cmfc 
borer.  Thej  are  cut  square  at  the  ends  and  th«i  oUiqudy  into  two 
parts.  The  resultant  wedges  are  kept  oyo-  nif^t  in  running  water 
and  the  next  day  are  placed  in  sterile  tubes.  'Hie  potato  tubes  aie 
steamed  for  one  hour. 

Loeffler's  Blood  Senun. — 3  parts  of  ox-blood  serum  are  mixed  with 
1  part  of  nutrient  bouillon  containing  1  per  cent,  of  glucose.  Tubes 
are  filled  with  this  mixture  and  coagulated  in  a  slanting  position 
in  the  drying  oven  at  a  temperature  a  little  above  90°  C.  It  is  impor- 
tant to  raise  the  temperature  to  this  point  quite  gradually.  Here  they 
remain  until  the  slants  are  quite  firm,  after  which  they  are  sterilized 
in  the  steam  sterilizer  at  100°  C.  for  fifteen  minutes  at  a  time,  on  three 
consecutive  days. 

The  blood  necessary  for  the  preparation  of  the  medium  is  pro- 
cured at  a  slaughter-house.  Care  should  be  taken  that  it  flows 
directly  from  the  cut  vessel  into  a  suitable  receptacle,  which  has  been 
previously  sterilized.  Museum  jars  are  convenient  for  this  purpose. 
After  coagulation  has  set  in  the  coagulum  is  carefully  separated  from 
the  walls  of  the  vessel  with  a  sterile  glass  rod  and  the  blood  kept  m 
a  cool  place  (ice-box).  The  serum  which  separates  out  is  pipetted 
off  wi  h  sterile  pipette  and  placed  in  sterilized  and  plugged  cylinders 
or  test-tubes  imtil  required. 

Two  gallons  of  blood  will  approximately  yield  from  500  to  700  c.c. 
of  serum. 

Hiss'  Senun-water  Media. — ^The  serum  water  is  composed  of  beef 
serum  1  part  and  distilled  water  2  or  3  parts.  To  this  1  per  cent,  of 
a  5  per  cent,  solution  of  highly  purified  litmus  is  added.     TTie  medium 
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b  heated  for  a  few  moments  to  100°  C,  when  1  per  cent,  of  either 
dextrose,  lactose,  mahose,  saccharose,  raffinose,  dextrin,  glycogen, 
inulin,  mannite,  or  dulcite  is  added.  Tubes  are  then  filtered  and 
sterilized  on  three  consecutive  days  by  steam  at  100°  C.  for  fifteen 
minutes  at  a  time. 

The  Drigalski-Oonradi  Medium.  1.  Agar  Preparation. — ^To  3 
pounds  of  finely  cut  beef  add  2  liters  of  water.  Allow  it  to  stand 
till  next  day.  The  expressed  meat  juice  is  boiled  for  one  hour  and 
filtered.  Add  20  grms.  of  Witte  peptone,  20  grms.  nutrose,  10  grms. 
NaCl;  boil  one  hour,  now  add  70  grms.  bar  agar,  then  boil  three 
hours  (or  one  hour  in  autoclave),  render  slightly  alkaline  (indicator 
litmus  paper).     Filter;  boil  half  an  hour. 

2.  Litmus  Solution. — Litmus  solution  (Kubel  and  Tieman)  260 
c.c,  boil  for  ten  minutes;  add  milk  sugar  (chemically  pure)  30  grms. 
Boil  fifteen  minutes. 

3.  Add  the  hot  litmus-milk-sugar  solution  to  the  liquid  agar  solu- 
tion cooled  to  60°  C.  Shake  well.  Render  it  again  faintly  alka- 
line. The  color  of  the  froth  is  a  good  indicator.  Add  then  2  c.c. 
of  a  hot  sterile  solution  of  10  per  cent,  water-free  soda;  further  add 
20  c.c.  of  a  freshly  prepared  solution  of  0.1  grm.  crystal-violet  B. 
(Hochst)  in  100  c.c.  of  warm  water  (distilled). 

One  has  now  a  meat-water  peptone-nutrose  agar  with  13  per 
cent,  litmus  and  0.01  per  mille  crystal  violet.  This  can  be  poured 
directly  into  plates  and  the  remainder  kept  in  200  c.c.  flasks. 

The  Malachite-green  Enriching  Method  of  Lenti. — The  proper  prepa- 
ration to  use  is  malachite  green  (crystal)  (Hochst) ;  dilution  1  to 
22,000.  Preparation:  3  pounds  of  lean  beef,  finely  divided,  are 
macerated  with  2  liters  of  water  for  sixteen  hours.  The  extract  is 
expressed,  boiled  for  half  an  hour,  filtered,  then  3  per  cent,  agar 
added  and  boiled  for  three  hours;  then  add  1  per  cent,  peptone, 
0.5  per  cent.  NaCl,  and  1  per  cent,  nutrose  (this  may  be  omitted). 
The  mixture  is  brought  to  the  litmus-neutral  point  by  soda  solution, 
boiled  one  hour,  and  filtered  through  linen.  The  reaction  of  the 
finbhed  agar  is  sometimes  distinctly  acid.  It  is  filtered  into  small 
flasks  of  100  to  200  c.c. 

Before  the  addition  of  the  malachite  green  the  hot  agar  is  tested 
with  neutral  litmus  paper  and  so  far  alkalinized  with  sterile  soda  solu- 
tion until  the  strip  is  distinctly  red-violet.  This  reaction  point  cor- 
responds in  agar,  without  nutrose,  to  an  alkalescent  degree  of  1.8 
per  cent,  normal  soda  below  the  phenolphthalein-neutral  point;  if  the 
agar  contains  nutrose,  which  remains  neutral  toward  litmus,  then  the 
alkaline  reaction  corresponds  to  3.5  per  cent,  normal  swla  solution 
below  the  phenolphthalein  point. 

To  100  c.c.  of  the  hot  agar  1  c.c.  of  a  1  to  220  solution  of  malachite 
green  (the  solution  is  stable  for  ten  days)  is  added;  the  agar  thus 
contains  1  in  22,000.     With  this  concentration  of  malachite  green 
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(ciystal)  the  growth  of  the  usual  kinds  (rf  B.  coli,  as  well  as  nuuiy 
alloili-lorming  orgamsms^  is  greatly  ijliiiiiiished  and  practical^  jn- 
vented. 

Tlie  B.  typhostis  growth  is  also  diminished,  but  only  so  far  that 
after  twenty-four  hours  the  colonies  can  be  recognised  with  the 
naked  eye;  they  are  then  the  size  of  a  particle  of  sand,  while,  after  a 
longer  period  in  the  incubator,  in  two  to  foiur  days,  larger,  stranger 
oolcmies  appear  which  color  the  agar  yellow. 

Tlie  finished  agar  is  poured  at  once  into  Petri  dishes  in  Uyen 
2  mm.  thick.^ 


B. 

OUTLINE  OF  A  COURSE  IN  CLINICAL  LABORATORY 

METHODS. 

In  response  to  numerous  requests  I  have  arranged  bdow  a  progiain 
of  practical  instruction  in  the  clinical  laboratory.    This  is  based 
essentially  upon  the  work  done  in  my  private  courses  which  I  have 
conducted  for  a  number  of  years  for  postgraduates,  and  may  have  to 
be  modified  more  or  less  to  meet  special  requirements.     The  students 
who  come  to  me  for  instruction  are  mostly  general  practitioners,  and 
for  their  special  needs  this  program  has  been  arranged.     The  practi- 
cal work  is  supplemented  by  lectures  of  a  more  or  less  formal  and 
comprehensive  character,  as  indicated  below.     The  exercises  have 
been  collectively  arranged  so  as  to  correspond  to  the  general  topics: 
Blood,  Gastric  Juice,  Feces,  Sputum,  etc.    This  routine  may,  how- 
ever, be  interrupted,  as  special  material  becomes  available,  which 
cannot  be  advantageously  preserved  and  should  hence  be  examined 
at  once. 

1.  Lectures.  A,  Blood. — 1.  General  technique:  the  morphology  of 
the  blood,  studied  in  the  whet  specimen;  classification  of  the  leuko- 
cytes, as  seen  in  the  whet  specimen ;  percentage  values ;  general  account 
of  variations  in  disease. 

2.  The  chemistry  of  the  aniline  dyes :  structure;  classification ;  forma- 
tion of  neutral  dyes;  meaning  of  the  terms  neutrophilic,  basophilic, 
oxyphilic,  monochromatophilic,  polychromatophilic,  etc.     Classifica- 

*  The  plates  are  allowed  to  remain  open  until  all  the  steam  has  evaporated  and 
the  agar  is  stifT.  It  is  essential  that  tne  surface  of  the  plates  should  be  quite 
dry  and  firm.  Contamination  by  air  organisms  does  not  occur  on  account  of 
the  aniline  dye  present  in  the  culture  me<Sa. 
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tion  of  the  leukocytes  upon  the  basis  of  their  behavior  toward  aniline 
dyes. 

3.  Preparation  of  stains  and  methods  of  staining:  Jenner's, 
Giemsa's,  Hastings',  Goldhom's,  Ehrlich's  stain. 

4.  Leukocytosis:  significance  of  variations  in  the  absolute  number 
and  of  the  relative  percentages;  neutrophilic  hyperieukocytosis  and 
the  septic  factor;  eosinophilia;  lymphocytosis;  large  mononucleosis; 
increase  of  mast-cells;  leucopenia. 

5.  Origin  and  interrelation  of  the  various  leukocytes:  myelocytes; 
metamyelocytes;  meaning  of  the  polymorphism  of  the  nucleus  and 
actual  polynucleosis.    Ameth's  findings. 

6.  Leukemia. 

7.  The  red  corpuscles:  poikilocytosis,  anisocytosis;  staining  prop- 
erties; granular  degeneration;  polychromatophilia;  origin  of  the 
normocytes;  normoblasts  and  megaloblasts;  relation  to  leukocytes. 

8.  Clinical  variations  in  the  number  of  the  red  cells  and  the 
amount  of  hemoglobin ;  color  index. 

9.  Pernicious  anemia. 

.    10.  The  hemocytometer  and  hemoglobinometer. 

11.  The  bacteriological  examination  of  the  blood;  technique  and 
clinical  indications;  typhoid  fever,  pneumonia,  pyogenic  septicemia. 

12.  The  serology  of  the  blood:  meaning  of  the  term  antigen,  anti- 
boily,  immunization,  vaccination.  Classification  of  the  antibodies. 
Discussion  of  the  formation  of  antitoxins,  cytolysins,  bacteriolysins, 
hemolysins,  precipitins,  coagulins,  agglutinins,  and  antiferments. 

13.  The  opsonins. 

14.  Malaria:  life  cycle  of  the  malarial  organism;  asexual  and  sexual 
reproduction;  methods  of  staining  and  general  technique.  Try- 
panosomiasis; relapsing  fever;  Kala-azar;  filariasis. 

5.  Gastric  Juice. — 1.  The  gastric  juice;  secretion;  chemical  com- 
position; test  meals  and  the  rationale  of  their  employment;  free 
hydrochloric  acid  and  combined  hydrochloric  acid;  euchlorhydria, 
h3rpochlorhydria;  anachlorhydria  and  their  clinical  significance. 

2.  Analysis  of  the  acid  factors  of  the  gastric  juice:  meaning 
of  the  terms  normal  solution,  decinormal  solution,  indicators; 
technique. 

3.  The  organic  acids  of  the  stomach  contents:  their  origin  and 
clinical  significance;  analytical  methods. 

4.  The  gastric  ferments:  their  specific  action;  clinical  significance 
of  quantitative  variations;  analytical  methods. 

5.  The  present  status  of  our  knowledge  of  proteolytic  digestion: 
concept  of  the  terms  albumose,  peptone,  polypept\,d,  etc.;  proteid 
synthesis. 

6.  The  microscopic  constituents  of  the  stomach  contents:  alimen- 
tary detritus,  yeast,  sarcinje,  Boas-Oppler  bacillus,  protozoa,  tumor 
particles;  technique. 
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7.  Tl^  significahce  of  the  presence  ci  blood  in  the  stomach  eon- 
tents:  tests  for  occult  bleeding. 

C.  The  Feeei. — 1.  T^e  chenustiy  and  microscopy  of  normal  feces; 
technique. 

2.  Animal  parasites  occurring  in  the  intestinal  tract  and  their 
clinical  significance.    Methods  of- examination. 

3.  Tlie  bacterifjogy  of  the  feces« 

4.  The  significance  of  the  presence  of  blood  in  the  feces:  ooddt 
bleeding;  technique. 

Z>.  ne  ^putom. — 1.  General  account  of  informati<m  to  be  derived 
from  a  microscopic  study  of  the  sputum,  with  special  reference  to 
tuberculosb,  pneumonia,  influenaot,  asthma,  bronchiectasis,  abscess 
ci  the  lung,  gangrene  of  the  lung;  general  technique. 

2.  The  tubercle  bacillus  and  related  organisms;  special  methodi. 

E.  Izndates. — 1.  The  bacteridogjr  of  tonsillar  exudates:  diphtheria, 
tonsillitis,  stomatitis,  Vincent's  angina;  phaiyngomycosis  leptothricia; 
technique. 

2.  Ine  {MIS  in  gononhea:  the  gonococcus;  the  pseudogonocooei; 
pus  eosinophilia. 

3.  Syphilis  and  the  Spirochsete  pallida. 

4.  "Die  cytolc^iical  and  bacteriological  study  of  pleural  and  pcri- 
tcmeal  exudates. 

5.  The  cytological  and  bact^dogical  study  of  cerebrospinal  fluid. 

F.  The  Urine. — 1.  Greneral  chemical  study  of  the  urine  and  <fis- 
cussion  of  its  relative  importance  in  the  diagnosis  of  various  patho- 
logical conditions. 

2.  The  urinary  constituents:  chlorides,  phosphates,  sulphates. 

3.  Urea  and  nitrogenous  metabolism. 

4.  Metabolic  anomalies:  lithuria,  oxaluria,  cystinuria,  diaminuria, 
alkaptonuria. 

5.  Metabolic  anomalies:  diabetes  and  carbohydrate  metabolism. 

6.  Albuminuria  and  its  clinical  significance. 

7.  The  various  pigments  and  chromogens  which  may  occur  in  the 
urine  and  their  clinical  significance:  indicanuria,  melanuria,  the  diazo 
reaction,  bilirubinuria,  urobilinuria. 

8.  The  microscopic  study  of  the  urine:  technique;  the  non- 
organized components  of  urinary  sediments;  the  significance  of  such 
deposits. 

9.  The  microscopic  study  of  the  urine:  the  organized  components 
of  urinary  sediments — tube  casts,  pus,  blood,  epithelium. 

10.  The  bacteriological  study  of  the  urine:   renal  tuberculosis  and 
its  diagnosis;  the  typhoid  bacillus,  the  colon  bacillus;  technique. 

G.  The  Milk. — Milk  analysis  and  its  indications. 

II.  Laboratory  Exercises.  Blood. — ^In  all  microscopic  exercises  an 
examination  with  the  low  power  (B.  and  L.  §;  Leitz  3;  Spencer  16) 
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* 
half-dozen  cells,  or  but  a  few  more,  appear  in  the  field  at  one  tune. 

Make  an  Ameth  count  of  the  neutrophilic  dements.  Note  the  mye- 
locytes, metamyelocytes,  monokaryololHc  leukocytes,  polykaiydofaie 
leukocytes;  draw.  G>ntrast  diis  type  of  hyperleukocytosis  wUi 
that  seen  in  pyog^c  infections.  Study  the  staining  quafities  of  the 
eosinophilic  myelocytes  and  contrast  with  what  is  seen  in  the  aduh 
forms;  draw.  Note  the  increase  of  the  mast-ceUs;  draw.  Look  far 
evidences  of  nuclear  division  in  the  myelocytes.  Study  the  variations 
in  the  size  of  the  different  leukocytes.  Note  the  presence  of  isolated 
laige  lymphocytes. 

Study  the  nucleated  red  ceUs;  look  for  mitoses,  nuclri  imdeigoing 
karyolysis,  free  nuclei;  note  the  polychromatophilic  protoplasm  of 
some  of  the  nucleated  red  cdls. 

Exercise  X,  Study  the  blood  from  cases  (tf  acute  and  chnmic  \jnk- 
phocytic  leukoma  (p.  112). 

Exercise  XL  Study  the  red  cells  in  stained  specimens  (^  Mood  bom 
a  case  of  chlorosis,  a  severe  seccmdaiy  anemia  the  result  of  a  pyo- 
genic infecti(Hi,  chronic  lead  intoxicaticHi,  cardnomatcms  cachexia, 
pernicious  anemia.  Compare  carefully  the  size  oi  the  cdb,  their 
form  and  their  apparent  amount  of  honog^olmi;  draw.  Ixxk  for 
polychromatophilic  red  cdls,  granular  degeneration,  and  nucleated  red 
cells.  Contrast  myeloblasts  and  normoblasts  in  the  blood  of  per- 
nicious anemia  and  myelocytic  leukemia;  note  especially  the  size,  form, 
and  structure  of  the  nucleus;  note  small  and  large  (young  and  old) 
megaloblasts  and  young  and  old  normoblasts;  nuclei  in  karyorhexis; 
draw  (pp.  51  to  53,  p.  60,  and  pp.  61  to  69). 

Exercise  XII.  Make  a  red  and  white  count  in  a  normal  individual, 
using  the  hemocytometer  (pp.  137  to  141).  Make  a  dry  normal 
mount,  stain  with  eosinate  of  methylene  blue,  wash  with  water; 
examine  the  specimen  while  still  wet,  with  a  low  power  (B.  and  L. 
^;  Leitz  3;  Spencer  16),  and  note  the  number  of  blue  specks  (leuko- 
cytes, in  the  thinner  and  thicker  parts  of  the  spread;  note  that  this  is  a 
normal  case.  I.»ook  at  mounts  from  different  infections  (smeared  with 
a  little  oil  on  the  surface  to  obtain  satisfactory  refraction),  and  gauge 
the  number  of  leukocytes  by  comparing  with  the  normal.  Practise 
this  in  concrete  cases,  controlling  your  findings  with  the  hemocy- 
tometer. Make  a  differential  count  with  the  low  power  and  practise 
this  thoroughly. 

Exercise  XIII.  Estimate  the  amount  of  hemoglobin  with  diflFerent 
hemoglobinometers  (Fleischl,  Dare,  Sahli,  Talquist)  (pp.  147  to  154). 

Exercise  XIV.  Determine  the  color  index  in  a  given  case  (p.  53). 

Exercise  XV.  Prepare  eosinate  of  methylene  blue  (p.  129)  and  some 
modification  of  the  Romanowsky  stain  (p.  132). 

Exercise  XVI.  Stain  specimens  with  Hastings',  Goldhom's  or 
Giemsa's  stain,  and  also  with  Ehrlich*s  stain  (the  latter,  after  fixing 
by  heat)  (pp.  130,  132,  136,  and  137). 
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Exercise  XVII.  Study  specimens  of  malarial  blood,  stained  with  a 
Romanowsky  mixture,  and  also  with  eosinate  of  methylene  blue. 
Work  out  the  different  stages  of  development  of  the  malarial  organism 
in  the  different  types  of  fever.  Study,  if  possible  the  fresh,  unstained 
blood  also  (pp.  177  to  187). 

Exercise  XVIII.  Repeat  lesson  XVII,  and  examine  also  dehemo- 
globinized  specimens,  prepared  according  to  Ruge's  modification  of 
Ross'  method  (p.  177). 

Exercise  XIX.  Study  the  distinguishing  characterstics  of  Anopheles, 
Culex,  and  Stegomyia  mosquitoes ;  examine  their  eggs,  larvae,  and  pubee. 

Exercise  XX.  Study  preparations  showing  the  development  of  the 
malarial  organism  in  the  body  of  the  mosquito. 

Exercise  XXL  Study  preparations  of  trypanosomes,  Leishmania- 
Donovani,  recurrens  spirochaetse,  and  filarise  (pp.  187,  169,  190,  and 
191). 

Exercise  XXII.  Make  the  agglutination  test  in  a  well-advanced 
case  of  typhoid  fever  (pp.  161  and  164). 

Exercise  XXIII.  Make  a  bacteriological  examination  of  the  blood 
in  a  case  of  typhoid  fever  (pp.  158  and  159). 

Exercise  XXIV.  Determine  the  opsonic  index  in  a  given  case  (o) 
for  the  Staphylococcus  aureus,  (6)  for  the  tubercle  bacillus  (p.  646). 

B,  Gastric  Oontents. — Prepare  an  artificial  'Agastric  juice"  according 
to  the  following  formula:  0.3  per  cent,  solution  of  hydrochloric  acid, 
500  c.c;   pepsin  powder,  2  grms.;  bread,  40  grms. 

Place  this  in  the  incubator  for  thirty  minutes,  filter,  and  then  examine 
as  follows: 

Exercise  I.  Test  the  reaction  with  litmus  paper;  test  for  free  acid 
with  Congo  red  (p.  219);  test  for  free  HCl  with  dimethyl-amino-azo- 
benzol  (p.  219),  phloroglucin  vanillin  (p.  220),  and  tropajolin  (p.  221). 

Determine  the  acid  factors: 

(o)  The  total  acidity  in  10  c.c,  and  express  your  results  in  terms 
of  c.c.  of  ^jf  alkali  solution  for  100  c.c.  of  gastric  juice  (p.  222). 

(b)  The  alizarin  acidity  in  a  similar  portion  (free  acids  and  acid 
salts);  deduct  this  value  from  the  total  acidity;  the  result  gives  the 
acidity  referable  to  combined  HCl  (p.  222). 

(c)  The  free  HCl  in  a  third  portion  of  10  c.c.  (p.  222;;  b  plus  c 
gives  the  total  amount  of  HCl;  this  deducted  from  a  indicates  the 
acidity  due  to  acid  salts. 

Apply  the  biuret  test  to  10  c.c.  of  stomach  contents:  render  strongly 
alkaline  with  caustic  alkali,  and  add  a  2  per  cent,  solution  of  CuSO^ 
solution,  drop  by  drop. 

Exercise  II.  Repeat  exercise  I  and  demonstrate  further  the  pres- 
ence of  pepsin  (p.  229)  and  of  rennin  (p.  231).  Estimate  the  amount 
of  pepsin  according  to  Metts'  method  (p.  229). 

Exercise  III.  Prepare  an  acid  mixture  as  above,  substituting  lactic 
acid  for  the  hydrochloric  acid.     Apply  (a)  Kelling's  test,  (6)  Uffel- 
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maim's  test  (after  extractiiig  with  ether);  ertimate  the  amount  of 
lactic  acid  aocording  to  Boas'  briefer  method  (j^.  235  and  2ID). 

Exercise  IV.  Secure  stomach  ccMitents  from  a  case  of  caidnoma  of 
the  stomachy  after  Boas'  test  meal.  Demcmstn^  the  presence  of 
lactic  acid  and  estimate  its  amount;  show  the  absence  ol  free  BQ; 
teast  fxa  pqpsin  and  rennin,  viz.,  pq)sinogen  and  renninqgen. 
.  Examine  the  sediment  of  the  ccMitents,  by  mounting  a  drop  on  a 
slide  and  covering  with  a  cover  glass;  note  the  starch  granules  (atiiD 
with  LugoFs  solution) ;  search  for  Boas-Oppler  bacim  in  a  whet  sp» 
men  and  in  a  smear  stained  with  a  1  per  cent,  aqueous  scdutioii  of 
i^ethylene  blue;  so  also  for  yeast  cdls  and  bacteria  in  general;  look 
kft  pus  corpuscles  (neutrophilk  leukocytes),  red  c€^  and  prDtoaoi 
(p.  249). 

^Exercise  V.  Examine  the  cdntents  horn  ezemse  IV  for  ocedt 
btood  (p.  260). 

-  Exercise  VI.  Procure  stomach  contents  from  a  case  of  dilatatioa 
in  the  morning  before  food  has  been  taken.  Note  the  amount  of 
BxM  and  of  residual  food  material.  Examine  microscojucaify  and 
chemically  as  above.  If  much  HCl  is  present  sardnse  may  be  found; 
if  not,  examine  a  droplet  d  an  emulsion  of  saicinse  obtained  feom  a 
culture;  also  make  a  smear  and  stain  with  metfajdene  bhie. 

Exercise  VII.  Prqmre  a  -^  solution  of  sodium  hydrate  and  standi 
ardisse  it  against  ^  oxalic  add  (p.  216). 

C.  Feces. — Exercise  I.  Procure  some  normal  feces,  stir  up  with 
normal  salt  solution  to  a  thin  mush;  mount  droplets,  further  diluted, 
on  slides,  and  cover  with  cover-glasses.  Note  that  the  feces  are  largdy 
composed  of  bacteria.  Here  and  there  muscle  fibers  may  be  found, 
more  or  less  well  preserved  and  all  stained  yellow.  Look  for  fat 
globules  and  stain  with  a  drop  of  Sudan  III  solution  (fat-red)  (p.  266); 
search  also  for  starch  (add  a  drop  of  LugoFs  solution ;  starch  colored 
blue);  look  for  fatty  acid  needles;  draw. 

Make  smears  from  the  same  stool  and  stain  with  methylene  blue; 
note  the  great  variety  of  bacteria;  draw. 

Exercise  IL  Repeat  exercise  I  with  a  diarrheal  stool.  Look  for 
particles  of  mucus  and  pus.  Examine  wet  specimens  and  smears, 
stained  with  methylene  blue;  draw. 

Exercise  III.  Provide  stools  containing  ova  of  the  hookworm, 
tapeworm,  and  Trichocephalus  dispar;  study  and  draw  these;  furnish 
eggs  from  other  intestinal  parasites;  draw  (pp.  295  to  316). 

Study  the  corresponding  worms;  draw. 

Exercise  IV.  Provide  trichinous  meat  and  study  the  corresponding 
parasite  (p.  311);  review  exercise  III. 

Exercise  V.  Study  the  Amoeba  coli  in  suitable  stools  (vital  staining 
with  neutral  red) ;  so  also  the  trichomonas;  draw.  Such  stools  cannot 
be  adequately  preserved,  while  most  others  can  be  kept  in  1  per  cent, 
carbolic  acid  (pp.  286  and  291). 
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Exercise  VI.  Provide  a  stool  containing  blood  and  pus;  note 
especially  the  size  of  the  pus  cells;  examine  microscopically;  demon- 
strate the  presence  of  blood  chemically  (p.  260). 

D.  Sputiim. — In  working  with  sputa  treat  all  specimens  as  though 
they  were  tuberculous. 

Exercise  /.  Examine  wet  mounts  of  scrapings  from  the  tongue  and 
teeth;  note  the  character  of  the  epitheUum,  mucous  coq)uscles,  and 
the  large  number  and  variety  of  microorganisms  (among  these  spiro- 
chetae).  Prepare  smears  on  slides  and  stain  with  methylene  blue; 
draw. 

Exercise  II,  Examine  sputa  from  cases  of  acute  and  chronic  bron- 
chitb,  asthma,  and  chronic  heart  lesions  as  in  I;  note  the  epithelial 
elements  (myelin,  fat,  and  pigment  granules),  pus  cells,  red  corpuscles, 
crystals.  In  stained  specimens  search  for  eosinophiles  and  note  their 
number  (pp.  334  to  337). 

Exercise  III.  Examine  tuberculous  sputa  for  the  tubercle  bacillus-, 
according  to  Gabbett's  method;  examine  for  elastic  tissue  (procure 
material  from  an  advanced  case  with  cavity  formation)  (pp.  337 
and  345). 

Exercise IV.  Examine  pneumonic  sputa;  note  their  physical  charac- 
teristics, color,  and  odor;  demonstrate  the  pneumococcus  and  attempt 
its  isolation.  Stain  the  capsules  according  to  Burger's  method  (p. 
348). 

E.  Exudates. — Exercise  I.  Prepare  smears  from  tonsillar  deposits 
and  stain  with  alkaline  methylene-blue  solution;  note  the  pres- 
ence of  staphylococci,  streptococci,  and  diphtheria  bacilli;  examine 
cultures  of  the  latter  grown  on  blood  serum;  make  smears  and  stain 
according  to  Neisser's  method;  note  the  polar  bodies;  draw  fp.  205). 

Study  specimens  from  Vincent's  angina  (spirilla  and  fasiform 
bacUli)  (p.  204). 

Exercise  tl.  Prepare  smears  of  pus  from  an  acute  case  of  gonorrhea ; 
stain  a  specimen  with  eosinate  of  methylene  blue;  note  (a)  the  gono- 
cocci  in  the  pus  cells  (neutrophilic  leukocytes);  (6)  the  presence  of 
eosinophilic  leukocytes.  Stain  another  specimen  according  to  Gram. 
(p.  602). 

Obtain  some  gonorrheal  threads  from  the  urine;  make  smears  of 
these  and  examine  in  the  same  manner;  draw. 

Exercise  III.  Obtain  smears  of  s\'j>hilitic  serum  fmm  chancres, 
papules,  and  condylomata  and  stain  according  to  Goldhom's  methrxj; 
note  the  S.  refringens  and  the  pallida;  contrast  the  two  and  draw 
(p.  606). 

Exercise  IV,  Prrx^ure  a  serous  pleural  exudate,  determine  its  cj'to- 
logical  formula,  and  search  for  organisms  (tubercle  bacilli)  according 
to  Jousset's  methwl.  Also  detennine  the  specific  gravity  of  the  fluid 
and  the  amount  of  albumin  ^pp.  502  and  500). 

Contrast  these  varioas  factors  with  a  transudate. 
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Exercise  V.  Examine  cer^rosjnnal  fluid  in  the  same  manner  as  m 
IV. 

Exercise  VI,  Examine  by  culture  methods  a  spedmen  of  an  era- 
date  obtained  at  operation  (p^tonitis). 

F.  The  IMne. — Exercise  i.  CioUect  the  urine  of  twenty-four  homs 
from  a  normal  individual,  preserve  with  a  teaspoonful  ci  chiorof<»iii, 
which  should  be  added  to  the  first  portion  voided,  shaUng  wdl  after 
evay  additicm.  Note  the  color,  odor,  and  transparency,  its  leactiani 
to  litmus,  and  specific  gravity.  Estimate  the  acidity  aooording  to 
Folin's  method  (pp.  360  to  373). 

Estimate  the  cUorides  according  to  V(dhard's  method  (p.  377). 

Exercise  IL  Estimate  the  urea  (p.  411)  and  uric  arid  (p.  424). 

Exercise  III.  Examine  microscopically  the  sediment  dF  a  doioi 
specimens  of  normal  urine  (p.  5^);  note  the  epithdial  ekments 
(especially  in  the  urine  of  women),  dieir  number  and  form,  ciystsb 
and  mucous  cylinders;  draw,  hk  one  specimen  stand  eiposed  to 
the  air  without  a  preservative  for  forty-eight  hours  and  regxamine; 
note  the  devdopment  dF  bacteria  and  the  abundant  sediment;  add 
acetic  arid  and  note  that  the  amorphous  portion  laigdiy  dissolves. 
How  would  you  distinguish  such  a  sedmient  from  <me  due  to 
amorphous  urates? 

Exercise  IV.  Procure  urine  from  a  case  of  active  nephri&. 
Examine  for  albumin,  using  the  various  tests  described  cm  pp.  461  to 
466.  Estimate  the  amount  in  an  Esbach  tube  (p.  467).  Examine 
microscopically  for  tube  casts  (p.  570). 

Exercise  V,  Procure  urine  from  a  patient  after  a  somewhat  pro- 
longed ether  anesthesia  and  examine  as  in  IV. 

Exercise  VI,  Procure  urine  from  different  cases  of  nephritis  and 
examine  as  in  IV;  contrast  the  findings  in  an  arteriosclerotic  case 
with  those  in  an  acute  process,  in  association  with  typhoid  fever 
or  scarlet  fever.  Stain  some  of  the  sediment  on  the  slide  with  a 
little  eosin  and  note  how  the  different  kinds  of  casts  are  colored. 
Draw  hyaline,  granular,  brown,  epithelial,  pus,  blood,  and  waxy 
casts. 

Exercise  VII ,  Add  10  grams  of  glucose  to  500  c.c.  of  urine  and 
examine  qualitatively  for  sugar,  using  (a)  Fehling's  test,  (6)  Nylander's 
test,  (c)  the  fermentation  test,  (d)  the  phenylhydrazin  test  (purify 
the  osazone  crystals  in  the  latter  case  and  determine  their  melting 
point  (pp.  483  to  487).  Estimate  the  quantity  of  sugar  (a)  by  Fehling's 
method  (p.  489),  (6)  with  the  polarimeter  (p.  494). 

Exercise  VIII ,  Repeat  exercise  VII  with  the  urine  from  an  active 
case  of  diabetes;  test  also  for  acetone  directly;  distil  some  of  the  urine 
and  demonstrate  acetone  in  the  distillate  (Lieben's  test,  Legal's  test, 
Gunnings  test,  etc.,  p.  529).  Test  for  diacetic  acid.  Add  some 
/9-oxybutyric  acid  to  the  urine,  demonstrate  its  presence,  and  esti- 
mate the  amount  (p.  532). 


A  COURSE  IN  CLINICAL  LABORATORY  METHODS       663 

Exercise  IX,  Procure  urine  from  a  typhoid  patient,  about  the  tenth 
(lay  of  the  disease.  Apply  the  diazo  test  (p.  524)  and  also  the  indi- 
can  test  (p.  503).  Test  nonnal  urine  in  the  same  way  and  compart* 
the  colors.  In  doing  the  diazo  reaction  do  not  fail  to  practise  the 
diluting  method  in  the  end  and  compare  the  color  with  the  nonnal. 

Exercise  X,  Pn>cure  urine  from  a  case  of  jaundice  and  apply  the 
various  tests  for  bile  pigment  (p.  512);  contrast  the  results  with  a 
urine  rich  in  urobilin;  demonstrate  the  presence  of  the  latter  (p.  515). 

Exercise  XI.  Procure  urine  from  cases  of  cystitis  and  pyelitis  and 
study  these  microscopically  (pus  corpuscles,  red  cells,  epithelial  cells). 
Examine  for  tubercle  bacilli  by  Gabbett's  method  and  inject  a  guinea- 
pig  with  sediment  from  a  tuberculous  case  (autopsy  after  three  weeks). 

Exercise  XII .  Show  some  of  the  rarer  crystalline  elements,  such 
as  cystin,  leucin,  tyrosin,  fatty  acids,  xanthin,  hippuric  acid,  etc., 
and  review  sediments  in  general  thoroughly. 

G,  Milk. — Exercise  L  Determine  the  specific  gravity  of  a  specimen 
of  milk.  Estimate  the  amount  of  fat  (p.  637),  of  lactose  (p.  637), 
and  of  proteids  (p.  637). 

Examine  a  droplet  of  milk  microscopically;  note  the  fat  globules 
and  their  l>ehavior  toward  Sudan  III. 

Exercise  II.  Examine  colostrum  as  in  exercise  I. 


INDEX. 


Abortion,  vaginal  discharge  in,  631 
Acetic  acid,  241 

fermentation,  240 
tests  for,  241 
Acetone  in  the  blood,  50 

in  the  gastric  contents,  244 
in  the  urine,  527 
quantitative  estimation  of,  531 
tests  for,  529 
Acetonemia,  50 
Acetonuria,  527 
Acholic  stools,  258,  262,  267 
Acids,  fatty,  in  the  feces,  319 

organic,  in  the  gastric  contents,  240 
Actinomyces  hominis,  202,  351 
Actinomycosis,  351 
Adenin  in  the  urine,  427,  585 
Acar.     See  Culture  media. 
Agglutination  test,  160 
Agglutinins,  160 
Albumin,  acetosoluble,  454 
in  the  feces,  269,  323 
in  the  urine,  440 
quantitative  estimation  of,  467 
residual,  in  feces,  269 
special  test  for  senim  all)umin,  466 

for  senun  globulin,  469 
t<?8ts  for,  461 
boiling,  464 
nitric  acid,  462 
picric  acid,  466 
|)otassium  ferrocvanidc,  465 
Spiegler's,  466 
trichloracetic  acid,  465 
Albuminimeter,  467 
Albuminous  oxpc^ctoration,  358 
Albuminuria,  440 
accidental,  453 
colli(iuative,  448 
constitutional,  444 
cyclic,  443 
digestive,  452 
febrile,  446 
functional,  442 
hematogenous,  444,  450 
in  organic  diseases  of  the  kidnevs, 

445 
intennittent,  442 


Albianinuria,  mixed,  453 

neurotic,  451 

orthostatic,  443 

physiological,  441 

postural,  443 

referable    to    circulatory    disturli- 
ances,  449 
to  impeded  outflow  of  urine, 
450 
.  renal,  445 

toxic,  451 

transitory',  442 
Albumoses  in  the  blood,  40 

in  the  feces,  323 

in  the  gastric  contents,  232 

in  the  urine,  454 

tests  for,  469 
Albumosuria,  454 

digestive,  455 

enterogenic,  454 

hematogenic,  455 

hepatogenic,  454 

histogenic,  455  « 

mixed,  455 

pyogenic,  454 

renal,  455 

vesical,  455 
Alimentar\'  detritus  in  feces,  261,  266 
Alkalimet^^r,  Engel's,  21 
Alkaline  stools,  316 

urine,  369 
Alkalinity  of  the  blood,  20 
estimation  of,  21 
Alkapton  in  the  urine,  518 
Alkaptonuria,  518 
Alloxur  bases  in  the  urine,  418,  427 

estimation  of,  427 
Alm^n's  solution,  484 
A  loin  test  for  occult  blood,  260 
Alveolar  epithelium,  336 
Amino-acids  in  the  urine,  538 
Ammonia  in  the  blood,  43 

in  the  gastric  contents,  242 

in  the  urine,  415 

estimation  of,  416 
Ammoniacal  fermentation,  369 
Ammoniomagnesium  phosphate,  560 
Ammonhim  urate,  560 
Amebas  in  the  urine,  586 
\mcjeba  coli,  286 


AmcBbft  coli  in  the  fern*,  286 
in  tbe  •nutum,  389 

A!,i.,-I,n,;,  ui  T|„-  I,.,..,  2S6 

Am,.)i:»t<„Mum  lioiniii«,3M 

.\inpbiiH.Tii.-  unuv,  itii 

Amyloid  cnruuHcleii  in  ib»  wnien,  eZ- 

.\nachlorhydria,  218 

Anaciditv,   hy8t«rieal,  2IS 

Aiiadenv  of  die  stonioch,  818, 244 

Aii(.'iiil('   ili-^cncralion  of  the   red  c 
puaciee,  W 

Ai^oiliiiU  uetj,  686 
inteatiiwlia,  313 
•tmvoralu,  S12 

AacidllnU«M,  196 

A^bM  Aftt,  dmeifiotton  of,  125 
-«ater,  gentian  violet,  346 

Aninul  pMMtae  in  the  blood,  177 
in  tbefeoee,  SW 
in  the  sputum,  339 
in  the  urine,  S86 

AmaocTtods,  S2 

Anietriiypercyloaa,  101 

Aniaohypoertosia,  101 

Anlaonormoeyto^  101 

AnkyloataaiiaaiB,  307 

Ankylortoannn  daodesale,  807 


,1,387 
AnOmx,  bacQlua  irf,  172 
Apjnanww  of  tjpb»M  fever,  IW 
Aiabinoae  in  unne,  496 
Ameth's  kaiyomorphism,  76,  81 
Arnold's  test  tor  diacetic  acid,  533 
Ascarides  in  tlio  feces,  305 

in  the  urine,  586 
Aecaris  lumbricoides,  305 

maritima,  305 


Asiatic  cholera,  bacillus  of.  283 

Aspergillua  fumii^tus,  353 

Asthma,    bronchial,    Charcot-Leyden 

crystals  in.  333 
AzoQspennatisn],  625 
A/.urophilic  granulation,  72 


Bacillus  acidophilus.  280 

coli  communiH,  282 
dyaenteriir,  276 
lactis  aerobe  nes,  283 
of  anthrax.  172 
of  cholera  Asiatica,  283 
.of  diphther' 


S  dyse 


'.278 


of  Finkler  and  Prior,  285 
of  (clandcrs,  174 
of  influenza,  349 
of  leproBV,  345 
of  Moro,  280 


BMiDua  of  Opiln  and  Bow,  ISO 
ot  pMntephmd  fow,  in  tlw  Ui 

in  tbefeoee,  880 
o!  ptaguB,  176,  351 
^  of  S^  276 


„      .351 
of  tttbnenlou,  in  the  blood,  173 
D  the  feoea,  385 


in  tile  n 

in  the  milfc,  0 
in  tfae  month,  aOS 
in  the  uaaal  dkehaige,  X 
in  the  8patuinjS44 
in  the  urine,  680 
tnetboda  of  atnining,  345 
of  typhoid  fever  in  the  blood,  HI 
in  the  fecee,  278 


pyocyiuwua,  282 
■"IP"*,  361,  683 
vulgaria,  281 
BMtetia  in  blood,  168 


in  feoeij  373 

in  gaatfic  mntenla,  250 

in  milk,  634 

in  mouth,  202 

in  naaal  secietion,  325 

in  pus,  600 

in  saliva.  200 

in  sputum,  344 


Bact«riemis,  158 

colon,  171 

gonococcus,  171 

menineococcuB,  171 

paracdon,  165,  171 

paratyphoid,  165 

pneumonia,  166,  170 

proteuB.  170 

pyocyaneuB,  171 

pyogenic,  188 

staphylococcus,  168 

streptococcus,  169 

typhoid,  159 
BacteViuria.  580 

idiopathic,  585 
Bacterium  lactis  aerogcnee,  283 

prol«UB,  170 
Balantidium  coli,  293 
Bang's  teat  for  albumoBea,  470 

tor  urobilin,  470 
Barfoed's  reagent,  233 
Barfurth's  reagent.  137 
I^ic  phoBphste  of  magnesium,  5 
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Basophilic  leukocytes  in  the  blood,  78 
in  the  sputum,  334 
perinuclear  granules,  76 
Baumann  and  v.  Udranszky 's  method  of 

isolating  diamins,  543 
Baumann's  test  for  homogentisinic  acid, 

521 
Beckmann's  apparatus,  156 
Bence  Jones'  tubumin,  456 
tests  for,  471 
Benzoic  acid  in  the  urine,  431 
Bile  pigment  in  the  blood,  49 
in  the  feces,  321 
in  the  gastric  contents,  246 
in  the  urine,  510 
tests  for,  512 

Gmelin's,  512 
Huppert*8,  512 
Rosenbach's,  512 
Smith's,  512 
Bilharzia  hematobia,  195 

eggs  in  the  urine,  586 
Bilharziasis,  195 
Biliary  acids  in  the  blood,  50 
in  the  feces,  320 
in  the  urine,  512 
tests  for,  320 
concretions,  263 
BiUrubin,  510 
Biuret  test,  407 
Blastomycetes,  353 
Blood,  17 

acetone  in,  50 
albumins  in,  39 
albumoses  in,  40 
alkalinity  of,  21 
ammonia  in,  43 
bacteriology  of,  158 
biliary  constituents  in,  49  • 
carbohydrates  in,  40 
chemical  examination  of,  25 
coagulation  of,  27 
color  of,  17 
color  index,  53 
corpuscles,  red,  51 

anemic  degeneration  of,  60 
behavior  toward  aniline  dves, 

60 
color  index,  53 
crenation  of,  53 
granular  degeneration  of,  61 
enumeration  of,  137 
money-roll  formation,  53 
nucleated,  65 

osmotic  resistance  of,  157 
polychromatophilia  of,  60 
rin^  bodies  in,  64 
vanations  in  color,  53 
in  form,  52 
in  number,  54 
in  size,  51 
counting,  137 
crisis,  66 


Blood,  drying  and  staining  of,  123,  125 

dust,  120 

examination,  technique  of,  119 

fat  in,  45 

fatt^  acids  in,  45 

fibnn  in,  39 

gases  in,  26 

general  characteristics  of,  17 
chemistry  of,  25 

glycogen  in,  42 

hemokonia  of,  120 

in  the  feces,  259,  271 

in  the  gastric  contents,  247 

in  the  sputum,  328,  335 

in  the  urine,  508,  567 

iron,  153 

kr\'08Copy  of,  154 

lactic  acid  in,  48 

leukocytes  of,  69 

medicolegal  test  for,  36 

methods  of  staining,  125 

microscopic  examination  of,  51 

mount,  121 

nucleated  corpuscles  in,  65 

occult,  in  feces,  260 

odor  of,  18 

parasitology  of,  177 

peptone  in,  40 

pigments  of,  29 

plaques  of,  118 

plates,  118 

proteids  in,  39 

protozoa  in,  177 

reaction  of,  20 

red  corpuscles,  51 

shadows,  568 

specific  gravity  of,  18 

staining  of,  125 

sugar  in,  40 

tests  for,  36,  260 
aloin  test,  260 
Donogany's,  247,  474 
guaiacum,  261 
HeUer's,  473 
Muller  and  Weber's,  247 

uric  acid  in,  43 

volume  index,  147 

white.     See  Leukocytes. 

xanthin  bases  in,  44 
Boas'  bulbed  stomach  tube,  211 

method  for  estimating  lactic  acid, 
238 

test  for  hydrochloric  acid,  221 
for  lactic  acid,  237,  240 
meal,  210 
Boas-Oppler  bacillus,  250 
Bogg's  method  of  estimating  proteids 

in  milk,  637 
Boiling  test  for  albumin,  464 
Bothnocephalus  latus,  300 
Bdttcher's  crystals,  623 
Bdttger's  test  for  sugar,  484 
Bremer's  diabetic  blood  test,  61 
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Brick-dust  aodimenta,  549 

Brodie  and  Roflsdl's  method  of  enu- 

meratiiig  the  plaques;  144 
Bfowoing'fl  speetTOfloope,  23 
Bubonic  plat^,  badllus  of,  175 
Buccal  secretion  (see  Saliva),  198 
Buerger's  capsule  stain,  348 
Butyric  acid  fermentation,  241 
in  the  feces,  319 
in  the  gastric  contents,  241 
test  for,  241 


Gabot'b  ring  bodies,  64 

OBdaverin,543 

Oahn-Mehiing's  method  of  estimating 

fatty  acids,  242 
Calcium  caifoonate,  crystab  (tf ,  560 
oxalate,  crystals  of,  357,  551 
phosf^iate,  crystals  of,  552 
sulphate,  crystals  of,  553 
Garbohydrates,'  digestion  of,  233 
in  the  blood,  40 
in  the  feces,  323 
in  the  uxine,  474 
tests  for,  233 
Carbol  fuchsm,  345 
CariK>lic  acid,  estimation  df,  517 

test  for,  318,  517 
Oarixilochloride  of  iron  test  for  lactic 

acid,  235 
Carbon  dioxide  hemoglobin,  35 

monoxide  hemoglobin,  34 
Casein,  in  the  milk,  637 

test  for,  Leiner*8,  269 
Casts,  blood,  572 

classification  of,  571 
epithelial,  572 
examination  of,  571 
fatty,  574 
fibrinous,  330 
formation  of,  570 
granular,  574 
hyaline,  572 
pus,  565 

significance  of,  577 
staining  of,  572 
urinary,  570 
waxy,  574 
Cellulose  in  the  blood,  42 
Cenomonadina,  289 
Cercomonas  intestinalis,  290 
Cerebrospinal  fluid,  609 
amount  of,  610 
appearance  of,  610 
bacteriology  of,  616 
chemical  composition  of,  612 
cholin  in,  613 
cytodiagnosis  of,  615 
microscopic    examination     of, 
615 


Oerebco^inal  fluid,  reaction  of,  612 
qiedfio  gravity  of,  610 
toxicity  of,  618 
OBstodB8,295 
Oialicoais,  358 

Charoot-Leyden  crystals,  in  the  feeesi 
272 
in  the  nasal  discharge,  3K 
in  Uie  sputum,  333 
Cheesjr  particles  m.  qyutum,  330 
Chemical  examination  of  bkiod,  25 
of  cystic  fluids,  619 
of  exudates,  597 
of  feces,  316 
of  gastric  juice,  214 
of  milk,  636 
of  pus,  598 
of  saliva,  198 
of  somen,  624 
of  sputum,  358 
of  transudates,  590 
of  urine,  373 
CSilorides  in  the  urine,  374 
estimation  of,  377 

according    to    Salkoinia 

and  Volhaid,  377 
direct  method,  381 
test  for,  377 
C3iolMnia,49 
CSidera  Asiatica,  bacSlus  of,  283 

infantum,  badHus  of,  276 
Cholesterin  in  the  blood,  47 
in  the  feces,  272,  319 
in  the  sputum,  356 
in  the  urine,  513 
isolation  of,  from  the  feces,  319 
test  for,  319 
Cholin  in  the  blood,  50 
Choluria,  510 
Chorion  villi,  631 
Chromogens  in  the  urine,  501 
Chyluria,  539 
Chymosin,  230 

estimation  of,  232 
test  for,  231 
Chyinosinogen,  230 
estimation  of,  232 
test  for,  231 
Ciliata,  293 

Cladothrix  asteroidea,  352 
Coagulation  of  the  blood,  27 
Coagulometer,  Wright's,  28 
Coating  of  the  tongue,  203 
Coffin-lid  crystals,  560 
Colloid  concretions  in    ovarian  cvsts, 

620 
Color  index  of  the  blood,  53 
Colostrum,  632 
Comma  bacillus,  283 
Concretions,  biliary,  263 
fecal,  264 
intestinal,  263 
pulmonary,  333 


INDEX 


669 


Congo-red  test  for  free  acids,  219 
Conjugate  glucuronates,  497 

s^phates,  392 
Coproliths,  264 
Corpora  amvlacea,  624 
Crenation  of  red  corpuscles,  53 
(!rotonic  acid,  535 

Crystals,     ammoniomagnesium     phos- 
phate, 560 

ammonium  urate,  560 

bilirubin,  557 

calcium  carbonate,  560 
oxalate,  551 
phosphate,  552 
sulphate,  553 

Charcot-Leyden,  354 

cholesterin,  356 

cyst  in,  553 

fatty  acids,  365 

hematoidin,  557 

hemin,  36 

hippuric  acid,  552 

indigo,  561 

in  the  feces,  271 

leucin,  554 

leukocytic,  354 

magnesium  phosphate,  558,  559 

monocalcium  phosphate,  552 

neutral   calcium   phosphate,    558, 
559 

phenylglucosazone,  486 

phosphate  of  spermin,  621 

Teichmann,  36 

triple  phosphate,  560 

tyrosin,  554 

urate  of  ammonium,  560 

uric  acid,  549 

xanthin,  556 
Culture      media      (preparation      of), 

649 
Curschmann's  spirals,  332 
Cylinders,     mucous,     in    the     feces, 
262 
in  the  urine,  577 

urinarj',  571 
Cylindroids,  576 
Cylindruria,  571 
Cystein,  396 

Cysticercus  cellulosae,  297 
Cystin,  397,  553 
Cystinuria,  397,  553 
Cysts,  colloid,  620 

contents  of,  619 

dermoid,  620 

fibrocystic,  621 

hydatid,  621 

ovarian,  619,  621 

pancreatic,  622 

parovarian,  621 
C'ytodiagnosis   in    cerebrospinal    fluid, 
615 

in  effusions,  592 
Czaplewsky's  carbol  fuchsin,  345 


Daland*s  hematokrit,  144 
Dare's  hemo-alkalimeter,  22 

hemoglobinometer,  148 
method  of  estimating  the  alka- 
linity of  the  blood,  22 
Decidual  cells,  631 

Decinormal  alkali,  preparation  of,  216 
Dehemoglobinizing  method,  177 
Dennig^'s  test  for  acetone,  530 
Dermoid  cyst«,  620 
Dextrin  in  the  urine,  496 
Dextrose  in  the  urine.     See  Glucose. 
Diabetes,  481 

altemans,  423 

Bremer's  blood  test  in,  61 

hepatogenic,  482     > 

Hirschfeld's  form  of,  483 

insipidus,  377,  498 

myogenic,  482 

phosphatic,  384 

Williamson's  blood  test  in,  42 
Diabetic  chromatophilia,  61 
Diacetic  acid  in  the  urine,  532 

tests  for,  532 
Diaceturia,  532 
Diamins  in  the  feces,  323 

in  the  urine,  543 

isolation  of,  543 
Diathesis,  oxalic  acid,  438 

uric  acid,  421 
Diazo  reaction  {see  Ehrlich's  reaction), 

522 
Dibothriocephalus  latus,  300 
Differential  density  method  of  estimat- 
ing sugar,  491 

leukocyte  count,  143 
Digestion,  products  of,  232 
Dimethylaminoazobenzol  test,  219" 
Diphtheria,  205 

Diplococcus   meningitidis   intracellu- 
laris,  616 

pneumonia*,  348 

in  the  blood,  166 
Dipylidium  caninum,  299 
Distoma  Buskii,  304 

capense,  195 

conjunctum,  304 

hematobium,  195,  343 

hepaticum,  302 

heterophyes,  305 

lanceolatum,  303 

pulmonale,  343 

rhatonisi,  304 

sibiricum,  304 

spatulatum,  304 
Distomiasis,  195 
Donn6's  pus  test,  564 
Donogany's  blood  test,  247,  474 
Doremus'  ureometer,  411 
Drigalsky-Conradi  medium,  278 
Dr^'sdale's  corpuscles,  621 


670 


IKDEX 


Donlqp'fl  metiiod  of  ematirting  oxalic 

add;  439 
Duat  partldea  of  MtOler,  120 

Dyes,  125 

neutoal,  127 

polydirane,  127 
D3rainmD<rifaea  exf oliativay  630 


Eabtht  phoaphateB,  382 
Bberth'a  baculiia,  278 
Eehiiiooooeiis,  3^ 

membranea  in  the  ^tttum,  333 

in  the  urine,  587 
pobonorphua,  830 
Effg-jallow  reaction,  525 
^mch's  diaio  reaction^  522 

dimethylaminobenaaklehyde  reac- 
tion, 526 
egg-yellow  reaction,  525 
hemcMdobinemic  InnenkArper,  65 
trwcid  stain,  180 
Einluffn's  eaocfaarimeter,  402 
Elaetie  tiasne  in  the  sputum,  330,  337 

stain  for.  339 
Endocarditis,  baetaiok>gy  of,  171 
Ehigel's  alkaumeter,  21 

method  of  estimating  the  alkalinity 
of  the  blood,  21 
Entamoeba  odi,  280 
dysenteris,  286 
histolytica,  286 

in  the  feces,  286 
in  the  sputum,  339 
Enterogenic  aLbumosuria,  454 
EnteroBths,  264 
Eosinate  of  methylene  blue,   staining 

with,  129 
Eosinophilia,  102 
Eosinophilic  leukocytes  in  the  blood,  77 

in  the  sputum,  334 
Epithelial  cells,  alveolar,  336 
ciliated,  336 

in  the  buccal  secretion,  200 
in  the  feces,  270 
in  the  sputum,  336 
in  the  urine,  561 
in  the  vaginal  secretion,  627 
Erythroblasts,  65 
Erythrodextrin,  233 

test  for,  233 
Esbach's  albuminimeter,  467 

method  of  estimating  albumin,  467 
reagent,  467 
Escherich's  stain,  281 
Ethyl  sulphide,  397 
Euchlorhydria,  218 
Eustrongylus  gigas,  586 
Ewald  and  Siever's  salol  test,  253. 
Ewald's  test  breakfast,  210 
Exudates,  591 


Exudates,  baetmologieal  fmunfastMis 
of,  505 
chnnistry  <^,  607 
chybid,  604 
chjious,  604 
cytodisgnosis  of,  502 

tecnnique,  504 
hemonhagic,  501 
in  cancer,  504 
in  tuberculosis,  502 
inoscopy,  506 
purulent  (see  Pus),  508 
puteid,  604 
serous,  501 


Farbakt's  scdution,  571 
Fafc  in  the  bkK)d,  45 

estimation  of,  46 
in  the  feces,  262 
in  the  mflk,  estimatloii,  637 
in  the  urine,  530,  557 
Fatty  adds,  estimation  c^,  2§St 

fimnatioa  of,  240 

in  pus,  602 

in  the  blood,  45 

eslimatioii  of,  47 

in  the  feces,  310 

in  the  gaslaric  Mmtents,  240 

in  the  sputum,  356 

in  the  urine,  537 

estimation  of,  537 

tests  for,  241 
casts,  574 
Febrile  acetonuria,  528 
albuminuria,  446 
urobilin,  513 
Fecal  vomiting,  248 
Feces,  256 

albumin  in,  323 
albumoses  in,  323 
alimentary  detritus  in,  261 
amount  of,  256 
animal  parasites  in,  285 
anneUdes  in,  305 
bacteriology  of,  273 
biliary  acids  in,  320 

concretions  in,  263 

pigments  in,  231 
blood  in,  259,  271 
cestodes  in,  295 
chemistry  of,  316 
cholesterin  in,  319 
color  of,  258 
composition  of,  317 
concretions  in,  263 
consistence  of,  257 
coproliths  in,  264 
crystals  in,  271 
enteroliths  in,  263 
epitheUal  cells  in,  270 
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Feces,  fatty  acids  in,  319 

flagellata  in,  289 

foreign  bodies  in,  265 

form  of,  267 

gases  in,  317 

hematoporphyrin  in,  322 

indol  in,  318 

intestinal  concretions  in,  204 
sand  in,  264 

leukocytes  in,  271 

macroscopic  constituents  of,  261 

microscopic  constituents  of,  265 

mucus  in,  262,  273,  322 

number  of  stools,  256 

odor  of,  258 

parasites,  animal,  285 
ve^table,  273 

phenol  m,  318 

pigments  in,  320 

protozoa  in,  286 

ptomains  in,  323 

purin  bodies  in,  322 

reaction  of,  316 

residual  albumin  in,  269 

skatol  in,  3 IS 

technique  in  examination  of,  265 

trematodes  in,  302 

vermes  in,  305 
Fehling's  method  of  estimating  sugar, 
489 

solution,  484 

test  for  sugar,  484 
Ferment,  milk-cunlling,  230 

of  saliva,  199 
Fermentation  test  for  sugar,  485 

Schmidt's  fecal,  268 
Ferments  in  the  gastric  juice,  227 

in  the  urine,  540 
Ferrocyanide  test  for  albumin,  465 
Ferrometer,  Jolles',  153 
Fibrin,  39 

estimation  of,  39 

ferment,  27 

in  the  blood,  39 

in  the  urine,  459 

test  for,  474 
Fibrinogen,  27 
Fibrinous  casts,  330 

coagula  in  the  sputum,  330 

in  the  urine.     See  Chyluria. 
Ficker's  diagnosticum,    164 
Filaria  Bancrofti,  191 

demarquai  ,191 

diuma,  191 

Mansoni,  191 

noctuma,  191 

ozzardi,  191 

perstans,  191 

sanguinis  hominis,  191 

Wuchereri,  191 
Filariasis,  191 
Finkler-Prior  bacillus,  285 
Fixation,  124 


FlageUata.  289 
Fleischl's  hemometer,  150 
Florence's  test  for  semen,  626 
Folin's  method  of  estimating  the  acidity 

of  the  urine,  371 

ammonia,  416 

kreatinin,  434 

sulphates,  394,  395 

urea,  412 

uric  acid,  424 
Foreign  bodies  in  the  feces,  265 
in  the  sputum,  333 
in  the  urine,  587 
Frommer*s  test,  530 
Furfurol  test  for  bile  acids,  320 
Fusiform  bacilli  of  Vincent,  204 


Gabett's  staining  method,  345 
Galacturia,  539 
Gallstones  in  the  feces,  263 
Garrod's  test  for  hematoporphyrin  in 
the  urine,  509 
for  homogentisinic  acid,  520 
Gases  in  the  blood,  26 
in  the  feces,  317 
in  the  gastric  contents,  242 
in  the  urine,  541 
Gastric  contents,  examination  of  {see 
Gastric  juice),  209 
products  of  digestion,  232 
analysis  of,  232 
juice,  209 

acetic  acid  in,  241 

acetone  in,  244 

acidity  of,  214 

amount  of,  213 

blood  in,  247 

but3rric  acid  in,  241 

cause  of  acidity  of,  214 

chejnical  composition  of,  214 

examination  of,  214 
chymosin  in,  230 
chymosinogen  in,  230 
combined    hydrochloric    acid 

in,  222 
fatty  acids  in,  240 
ferments  in,  227 
free  acid  in,  217,  219 
gases  in,  242 

general  characteristics  of,  213 
hydrochloric  acid  in,  217 
hyperacidity  of,  218 
hypersecretion  of,  218 
lactic  acid  in,  233 
methods  of  obtaining,  211 
microscopic    examination    of, 

249 
milk-curdling  ferment  of,  230 
organic  acids  in,  240  _ 

pepsin  in,  227 


OMtriB  Juioe, 


jsrs"^ 


in,  237 


of,  Xtt 
Mjnogma  in,  23Z 
GutnMueoorriiMt  muoosa,  240 
OeUtin  (aw  Cultum  mediti),  640 
Oertwrdt'B  tcM  for  diuettc  acid,  'S32 


GernirJ  aiid  Allui.s  ■ 

im 


[iti^Qof  angar. 


.  n  Htitin.  13U 
(iigautoblanLH  {see  Met^oblMta),  67 
(llandera,  boc^illua  of,  174 
Oandular  fever,  208 
(ilaser'a  method  of  estiiiinting  oeutnl 

Glucuse.  474 

in  tbe  blood,  40  - 
eBlimation  of,  40 


D  the  u 


-..  474 


trausitorj',  479 
filucoRUrie   acid.     See  Alkwton. 
Glucuronic  arid  in  tlia  blood,  40 


n  the  u 


^4S7 


Glycoicen  in  the  blood,  42 
teat  for,  137 
Gmelio's  reaction,  512 
GoldLom'a  stain,  137 
Gonococcus  in  tlie  blood,  171 

in  the  mouth,  203 

in  the  urine,  585 

in  uretliral  discha^e,  603 

Neisser'B,  603 

Btaining  of,  585 
Gonorrheal  pus,  602,  630 

HtomatitiB,  202 

threads  in  the  urine,  566 
Gowors'  hemoBlobinometer,   152 
Gram's  method  of  etaininf;,  205 
Granular  degeneration,  61 

easts,  574 
Granulocytes,  69 
Grape  sugar.     See  Glucose. 
Gre^arina,  294 
Guaiacum  test  for  blood,  261 
Guanin  in  the  urine,  427 
Gunning's  mixture,  413 


Halitus  sangutnin,  If) 

Hainmerec bias's  nie(  hoil  of  determining 

_  the  specific  gravitj-  of  blood,  IS 


Hwnmera^ag'B  metbod  of  otinstiii 

pepBin,  223 
BM&iMtf  ttain,  132 
Heut-disMM  «dls,  337 
HtUxa'a  tert  tor  aibumiD,  4ffl 
fbrUaod,473 


Henutoidin  in  the  blood,  3S 
in  tbe  qiutnm,  356 
in  ttie  uii&e,  567 
H«nktolciH,  144 

Hematopcnph  viin  in  tbe  Uood,  38 
in  the  feoM,  323 
intiianiine,  50S 
teste  for,  SOS 
^matmWTphynnuriB,  608 
HenuUuiiA,  sra,  567 
Hemio  (we  Teubmum'a  crystals),  36 
HenM>-«lkalimet«r,  Due's,  22 
BemodiTMiMwen,  29 
Hemoevtomeier  of  Th(»nft-^mon.  i: 
Hemo^obin,2B 

CMtMm  dioxide,  34 
nMMMxide,  34 
eatimstion  of,  witb  Dare's  iosti 
nwnt,  14S 
with  Fleiaobrs  bemometer,  1 
witii  Gowen'  beamAibiaaa 

ter,  152 
with    Miescber'B 

152 
with  Sahli's  instni      .  .., 
with  Talquist's  method,  1 
nitric  oxide,  35 

sulphohemoglobin,  35 
teats  for,  38,  458 
Hemoglobinemia,  38 
Uemoglobinometer,  147 
Hemoglobinuria.  458 

tests  for,  473 
Ilemokonia,  120 
Hemometers,  147 
Hemospermia,  625 
Hepati^Dic  icterus,  511 


1  the  u 


,  427 


the  urine,  429, 
of,  431 
properties  of,  430 
test  for,  431 
Histon  in  the  urine,  461 

test  for,  474 
Hoffmann's  test  for  tyroain,  556 
Hofmeister's  method  of  estimating  li 
puric  acid,  432 
test  for  Icucin,  556 
Homogentisinic  acid  in  the  blood,  4' 
in  the  urine,  518 

estimation  of,   520 
isolation  of,  520 
Hopkins'    method    of   estimating    u 
acid.     See  Polin's  method. 
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Huppert's  test  for  bile  pigment,  512 
Hydatid  cysts,  339,  621 

echinococcus  membranes  and 

booklets  in,  339,  621 
sodium  cbloride  in,  621 
succinic  acid  in,  621 
disease,  339 
Ilydrobilirubin,  320 
Plydrocele  agar.    See  Culture  media, 
fluid,  50 

cholesterin  in,  590 
Hj'drochloric  acid  in  the  gastric  juice, 
214 
amount  of,  217 
combined,  222 
deficit,  estimation  of,  223 
estimation    of,    according    to 
Leo,  226 
according  to  Martins  and 

Liittke,  224 
according  to  Sahli,  223 
according  to  Tdpfer,  222 
free,  219 
tests  for,  219 
Hydrogen  sulphide,  in  the  gastric  con- 
tents, 242 
tests  for,  243 
in  the  urine,  541 
Hydronephrosis,  622 
Hydrothionuria,  541 
Hypalbuminosis,  39 
Hypeosinophilia,  108 
Hyperalbuminosis,  39 
Hypercldorhydria,  218 
Hyperchromemia,  31 
Hyperinosis,  39 
Hyperleukocytosis,  85 

polynuclear  eosinophilic,  102 
'  neutrophilic,  85 
Hypersecretio  acida  et  continua,  216, 

218 
Hypersecretion,  214,  218 
Hypinosis,  39 

Hypobromitc    method    of    estimating 
urea,  409 
solution,  409 
Hypochlorhydria,  218 
Hypoleukocytosis,  85 

polynuclear  eosinophilic,  108 
neutrophilic,  97 
Hypoxanthin  in  the  urine,  427 


Indican  in  the  urine,  estimation  of,  504 

tests  for,  503 
Indicanuria,  501 

Indigo-blue  in  the  urine,  521,  561 
Indigosuria,  521,  561 
Indol  in  the  feces,  318 
tests  for,  319 
Indoxyl,  501 

sulphate  (see  Indican),  501 
Influenza,  bacillus  of,  174,  349 
Inoscopy,  596 
Inosit  in  the  urine,  498 
Intermittent  albuminuria,  442 
Intestinal  concretions,  263 

sand,  264 
Iodoform  test  for  lactic  acid,  237 
lodophilia,  83 

demonstration  of,  137 
lodospermin,  626 
Iron  in  blood,  153 
Irritation  forms,  82 
Isohypercytosis,  101 
Isohj'pocytosis,  101 
Isomastigoda,  289 
Isonormoo'tosis,  101 


Japfe's  test  for  indican,  504 
Jaundice  (see  Icterus),  511 
Jenner's  stain,  129 
Jolles'  ferrometer,  153 
Justus'  syphilitic  blooil  test,  32 


Kala-azar,   Leishmania-Donovani   in, 

190 
Kar>'omorphism,  neutrophilic,  101 
KeUing's  test  for  lactic  acid,  235 
Kemschatten,  75 
Kjeldahl's  method,  413 
Koplik's  bacillus,  350 
Krabbea  grandis,  302 
Kreatin,  432 

properties  of,  433 
Kreatinm,  432 

estimation  of,  434 

properties  of,  433 

test  for,  434 

-zinc  chloride,  434 
Kr>'08Copy  of  the  blood,  154 

of  tne  urine,  546 


Icterus,  511 

hematogenic,  511 

hepatogenic,  511 

neonatonim,  511 

urobilin,  514 
Idiopathic  bacteriuria,  585 
llasvay's  reagent,  H)9 
Indican  in  the  urine,  501  ^ 


liACTic  acid   233 

clinical  significance  of,  233 
estimation  of,  238 
fermentation,  235 
in  the  blood,  48 
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Laetie  nM,  in  the  gistrie  contents,  233 
In  the  urine,  535 
mode  of  f  onnation,  238 
teirtB  for,  235 
Boas',  237 
Kelling's,  235 
Stimufls*,  235 
Uffeimann's,  235 
Voumaeo'a,  236 
Lactodeoflimeter  of  QuevwDBe,  685 
Lactose  in  the  urine,  495 
in  the  mflk,  637 
Laiose  in  the  urine,  495 
Laige  mononudear  ieukoeytes,  73 

dinioal  variations  of,  112 
Laveran's  organism.  iSee  Malarial  organ- 


Lepl's  test  for  acetone,  529 

Lemer's  test  fcv  casein,  ^9 

Lei  hmaniarDonovani,  190 

Leishman's  stain,  134 

Leo's  method  of  estimating  hydrochloric 

acid,  226 
Li^nosy,  bacillus  of,  174 
Leptothrix  buocalis,  204 
Leube's  test  df  motor  power  of  stomAch, 

252 
Leudn,  554 
Leucopenift,  97 
Lmikocytes,  69 

basoplulic^  78 

di»merative'  dianges,  75 

differential  enumeration,  143 

differentiation  according  to  their 
behavior  toward  aniline  dyes,  70 

enumeration  of,  140 

eosinophilic,  77 

estimation  of  the  number  of,  137 

general  differentiation  of  the  vari- 
ous fonns,  69 

in  the  blood  69 

in  the  exudates,  592 

in  the  feces,  271 

in  the  sputum,  334 

in  the  urine,  563 

irritation  forms,  82 

large  mononuclear,  73 

lymphocytes,  70 

mast-cells,  78 

myelocytes,  80 

neutrophilic,  74 

oxyphilic,  77 

pi^ented,  185 

phlogocytes,  82 

polymorphonuclear,  74 

polynuclear,  74 

small  mononuclear,  70 

splenocytes,  73 

transition  forms,  74 

variations  in  number  of,  84 
Leukocytic  crystals,  354 
Leukocytosis   (see   Hvperleukocytosis), 
84 


Leukemia,  lymphatic,  112 

myelogenous,  116 
Levulose  in  1^  urine,  405  * 
Lieben's  test  for  acetone,  529 
Lientery,  261 
Lipadcfeinia^  46 
Lipaciduria^  537 
Lipase,  in  the  gastric  juice,  232 

in  the  urine,  540 

test  for,  540 
Lipemia,  46 
Lipuria,  539,  558 
Lochia,  629 

alba,  629 

rubra,  629 
Ldffler's  badllus,  205 

methylene-blue  scdution,  205 
Lohnstein'^s  saccharimeter,  492 
L5w]r's  method  of  estimating  the  alka- 
linity of  the  Mood,  21 
Lymphocytes,  70 

amali,  70 
.  large,  71 
Lymi^Mx^ytosiB,  73,  109 
Lymphopenia,  73,  112 


Macbocttbs,  51 
Macrocjrthemia,  51 
Macroljrmphocytes,  71 
Magnesia,  soaps  of,  in  the  urine,  557 
Magnesium  phosphate,  558,  559 
Malachite  green  medium  of  Lentz,  278 
Malaria,  phismodium  of,  177 
Malta  fever,  bacillus  of,  174 
Maltose  in  the  urine,  496 
Manmiary  secretion,  633 
Marsh  gas  in  the  gastric  contents,  242 
Martins  and  Liittke's  method  of  esti- 
mating hydrochloric  acid,  224 
Masons' lung  (see  Siderosis),  358 
Mast-cells,  78 

clinical  variations  of  number, 
113 
May-Griinwald  stain,  130 
Meconium,  323 

Medicolegal  test  for  blood,  36 
Megaloblasts,  67 
Megalocytes,  51 
Megastoma  entericum,  in  the  feces,  292 

in  the  gsustric  contents,  251 
Melanin  in  the  urine,  516 

tests  for,  516 
Melanogen,  516 
Melanuria,  516 
Membranous  dysmenorrhea,  v^aginal  dis 

charge  in,  630 
Meningeal  fluid,  examination  of,  609 
Meningococcus,  171,  616 
Menstruation,  vaginal  discharge  in,  629 
Metalbumin  in  ovarian  cysts,  619 
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Metamyelocytes,  76,  81 
Methemoglobin,  37 

sulphide,  35 
Methemoglobinemia,  37 
Methemoglobinuria,  458 
Methane.  See  Marsh  gas. 
Methj'lene  azure,  132 
Mett's  method  of  estimating  pepsin,  229 
Microblasts,  69 
Micrococcus  catarrhalis,  351 

melitensis,  174 

tetragenus,  351 

ureai,  581 

zymogenes,  171 
Microcytes,  51 
Microcjiihemia,  51 
Microlymphocytes,  70 
Miescher's  hemometer,  152 
MUk,  633 

chemical  composition  of,  633 

cows*,  633 

examination  of,  636 

fat  in,  estimation  of,  637 

human,  633 

in  disease,  634 

lactose,  estimation  of,  637 

proteids  of,  estimation  of,  637 

secretion  of,  in  the  adult  female, 
633 
in  the  newly  bom,  631 

specific  gravity  of,  635 

witches',  631 
Milk-curdling   ferment   in    the    gastric 

juice,  230 
Millon's  reagent,  470 
Money-roll  formation  of  red  corpuscles, 

53 
Monocalcium  phosphate,  552 
Moro's  bacillus,  280 
Motor  power  of  stomach,  examination 
of,  252 
Leube's  method,  252 
salol  test  of  Ewald  and  Sievcrs, 
253 
Mouth,  actinomycosis  of,  202 

secretions  of,  198 

tuberculosis  of,  202 
Mucin  in  the  feces,  322 

in  the  urine,  460 
Mucor  corymbifer,  353 
Mucous  cylinders  in  the  feces,  262 

m  the  urine,  577 
Mucus  in  the  feces,  262,  273 

in  the  gastric  contents,  246 
Miiller-Weber  test  for  blood,  247 
Murexid  test,  424 
Myelemia,  116 

Myelin  granules  in  the  sputum,  336 
Myelocj'tes,  amblychromatic,  SO 

basophilic,  82 

eosinophilic,  81 

neutrophilic,  76,  80 

trachychromatic,  80 
Myelocytosis,  114 


Nasal  catarrh,  325 
secretion,  325 

cerebrospinal  fluid  in,  325 
characteristics  of,  325 
Charcot-Leyden  cr>'stals  in,  325 
in  disease,  325 
Neisser,  gonococcus  of,  003 
Neisser's  stain,  205 
Nematodes,  305 
Nessler's  reagent,  250 
Neusser's  granules,  76 
Neutral  dyes,  127 

phosphate  of  calcium  in  the  urine, 

558,  559 
sulphur  in  urine,  396 
Neutrophilic  karymorphism,  101 

leuKOcytes,  74 
Nitric  acid  test  for  albumin,  462 

oxide  hemoglobin,  35 
Nitrites  in  the  saliva,  199 
Nitrogen  in  the  urine,  401 
estimation  of,  413 

according  to  Kjeldahl,  413 
Nitrogenous  equilibrium,  402 
metabolism,  401 
Nitroprusside  of  sodium,  as  a  test  for 

acetone.  See  Legal's  test. 
Normal  urobilin,  499 
Normoblasts,  65 
Nose,  secretion  from,  325 
Nucleated  red  corpuscles,  65 
Nucleo-albumin  in  the  urine,  460 

test  for,  472 
Nucleohiston  in  the  urine,  461 
Nummular  sputum,  329 
Nylander's  test  for  sugar,  484 


Obermayer's  reagent,  503 
Obermeier,  spirochete  of,  189 
Occult  bleeding,  247 
Oidium  albicans,  202 
Oligochromemia,  31 
Oligocythemia,  31,  57 
Oliguria,  365 
Opsonins,  639 

Simon's  index,  643 
technique,  642 
Wright's  index,  643 
Orcin  test  for  pentoses,  497 
Organized  sediments  of  the  urine,  561 
Ott'stest,  472 
Ovarian  cysts,  619,  621 
Oxalate  of  calcium  cr^'stals  in  the  spu- 
tum, 551 
in  the  urine,  551 
Oxalic  acid,  diathesis,  438 
in  the  urine,  436 
properties  of,  438 
quantitative  estimation  of,  439 
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Oxalic  acid,  teste  for,  439 
Oxaluria  idiopathica,  438 
Oxaluric  acid,  436 
*Oxyamygdalio  acid,  536 
Oxyfoutyric  acid,  ^,  in  the  urine,  533 

estimation  of,  533 
Oxyhemo^obin,  29 
(h^hilic  leukocytes,  77 
Oxyuris  vennicuuuris,  307 
Ozena,  325 


Pancrbatic  cysto,  622 

trypsin  in,  622 
juice  in  the  gastric  contoito, 
246 
Pappenheim's    meth3rl-green    pyronin, 

Paragonimus  Westermanni,  343 
*  Paramceba  hominis,  289 
Paramecium  ocdi,  293 
Paramucin,  619 
Parasites  in  the  blood,  177 
in  the  f  eoes^  285 
in  the  gastnc  contents,  249 
in  the  sputum,  339 
in  the  urine,  580 
malarial,  177 
Paratyphoid  fever,  bacillus  of,  165 
in  the  blood,  165 
in  the  urine,  585 
Paraxanthin  in  the  urine,  427 
Patein's  albumin,  454 
test  for,  499 
Pentoses  in  the  urine,  496 

tests  for,  497 
Pepsin  in  the  gastric  juice,  227 
estimation  of,  229 
tests  for.  229 
Pepsinogen  in  the  gastric  juice,  227 
estimation  of,  230 
tests  for,  229 
Peptones  in  the  blood,  40 
in  the  urine,  457 
test  for,  470 
Peptonuria,  457 
Pertussis  bacillus,  350 
Pettenkofer's  test,  320 
Pfeiffer-Widal  reaction,  160 
Phagocytes,  69 
Phagocytosis,  69,  186,  639 
Phar>'ngomycosis  leptothrica,  203 
Phenol,  517 

estimation  of,  517 
in  the  feces,  318 
in  the  urine,  517 
tests  for,  318,  517 
Phenylcyanate     method     of     isolating 

diamins,  545 
Phenylglucosazone,  486 
Phenvlhydrazin  test  for  sugar,  486 
Phlogocytes,  82 


Phloro^^ucin  test  for  peatoses,  497 
yanillin  test  for  nydnHshlorie  acid, 
220 
Phoq)hates  in  the  urine,  382 

estimation  of,  387 

removal  of,  from  urine,  390 

separate  csttma^n  of  aUcaline 
and  earthy,  390 

teste  for,  386 
Phosphatic  diabetes,  384 

sedimente  in  the  urine,  558 
Picric  add  test  for  albumin,  466 
Piria's  test  for  t3nro6in,  556 
Plague  bacillus,  175,  351 
Plaques,  118 

enumeration  of,  144 
Plasma  of  the  blood,  17,  24 
Hasmodium  malariiB,  178 

crescentic  bodies,  181 

flagellate  bodies,  183 

gametes,  182 

hyaline  bodies,  178 

macrogametes,  184 

merosoites,  180 

microjcametes,  184 

microgameUK^tes,  184 

o6kinetes,  184 

ovoid  bodies,  181 

pimientedextraodlular  bodies, 
182 
intraodlular   bodies,   179 
.  poljrmites,  183 

schizogony  of,  181 

segmenting  bodies,  180 

spherical  bodies,  181 

sporogony,  184 

sporozoites,  184, 

staining  of,   178 
Pneumococeus,  348 
Pneumoconioses,  357 
Pneumonia,  diplococcus  of,  348 

in  the  blood,  166 
sputum  m,  348 
Pneumonomycosis  aspergillina,  354 
Poikilocytes,  52 
Poikilocytosis,  52 
Polarimeter,  494 

Polarimetric  test  for  sugar,  487,  494 
Pole  bacillus,  350 
Polychromasia,  60 
Polychromatophilia,  60 
Polycythemia,  56 
Polymastigina,  290 
Polypeptids  in  the  urine,  470 
Polyuna,  363 
Proleukocvi«,  81 
Promyelocyte,  80 
Propepsin,  227 
Prostatic  fluid,  624 
Proteus  vulgaris,  281 
Protozoa,  286 
in  pus,  601 
in  the  blood,  177 
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Protozoa  in  the  feces,  286 

in  the  gastric  contents,  251 

in  the  sputum,  339 

in  the  urine,  580 
Pseudocasts,  576 
Pseudodiphtheria  bacillus,  206 
Pseudogonococci,  603 
Pseudomucin,  619 
Ptomains  in  the  feces,  323 

in  the  urine,  542 
isolation  of,  543 
Ptyalin,  199 

test  for,  199 
Purin,  418 

bases,  in  the  feces,  322 
in  the  urine,  427 
Pus,  598 

bacteria  in,  600 

casts,  565 

chemistry  of,  598 

corpuscles,  in  the  urine,  567 
enumeration  of,  567 

crystals  in,  602 

detritus  in,  600 

examination  of,  602 

general  characteristics  of,  598 

giant  corpuscles  in,  600 

gonorrheal,  602 

in  the  feces,  271 

in  the  gastric  contents,  248 

in  the  urine,  563 

leukocytes  in,  599 

microscopic  examination  of,  599 

parasites  in,  600 

protozoa  in,  601 

red  corpuscles  in,  600 

tests  for,  564 
Putrescin,  543 
Pyroplasma  hominis,  191 
P>'una,  563 


Quevenne's  lactodensimetcr,  635 


Kay  fungus,  351 

Red  blood  corpuscles,  51 

anemic  degeneration  of,  61 
behavior  toward  aniline  dyes, 

60 
enumeration  of,  140 
granular  degeneration  of,  61 
nucleated  forms,  65 
variations  in  color,  53 
in  form,  51 
in  number,  54 
in  size,  51 
Relapsing  fever,  spirochete  of,  189 
Resorcin  test,  221 

Resorptive  power  of  the  stomach,  ex- 
amination of,  253 


Reynold's  test  for  acetone,  529 

Rhamnose  in  urine,  496 

Rhizopoda,  286 

Riegers  test  dinner,  210 

Ring  bodies  of  Cabot,  64 

Romano wsky's  method  of  staining,  132 

Rosenbach's  reaction,  506 

test  for  bile  pigments,  512 
Ross'   dehemoglooinizing  method,    177 
Round-worms,  305 
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Saccharimeter  of  Einhom,  492 
of  Lohnst^in,  492 
of  Soleil-Ventzke,  494 
Saccharomyces  cerevisise.     See  Yeast. 
Sahli's  desmoid  reaction,  255 
estimation  of  free  HCI,  223 
hemoglobinometer,  152 
Saliva,  198 

chemistry  of,  198 
general  characteristics  of,  198 
m  special  diseases  of  the  mouth,  202 
in  tlie  gastric  contents,  246 
microscopic  examination  of,  199 
nitrites  in,  199 

pathological  alterations  of,  201 
ptyalin  in,  199 
test  for  nitrites,  199 
for  ptyalin,  199 
for  sulphocyanidcs,  199 
Salivation,  201 

Salkowski's  method  of  estimating  oxalic 

acid  in  urine,  440 
xanthin  bases  in  urine,  427 
test  for  albumoses,  469 
for  phenol,  517 
Salkowski-Volhard  method  of  estimat- 
ing the  chlorides  in  urine,  377 
Saloltest  of  Ewald  and  Sievers,  253 
Salzer's  test  meal,  210 
Sand,  intestinal,  264 
Sarcina  pulmonalis,  354 
urinae,  586 
ventriculi,  250 
Scarlatina,  phar>Tigeal  secretion  in,  208 
Schauffler'smetnylene-blue-pyronin,206 
Scherer's  test  for  leucin,  556 
Schizomycetes  in  the  feces,  276 
Schmalz  and  Peiper's  method  of  deter- 
mining  the   specific   gravity   of   the 
blood,  19 
Schmidt's  fecal  fermentation  test,  268 
Schiiffner's  stippling,  64 
Sediments  in  acid  urines,  546 
in  alkaline  urines,  558 
urinar>%  546 

ammoniomagnesium      p  h  o  s  - 

phatc  in,  560 
ammonium  urate  in,  560 
amorphous  urates  in,  550 
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I,  urinary,  baeleris  in,  580 
bJMJc  niiigniwinin  phoephate  in, 

558,559 
bilirubin  in,  557 
blood  corpuades,  red,  567 
bridc-duflt,  549 
cakaum  oarbonale  in,  560 
03Ealate  in,  551 
sulphate  in,  558 
ejdindrmda,  576 
(^^■tin  in,  553 
epithdM  odla  in,  561 
fat  in,  557 

foieign  bodies  in,  680 
hematoidin  in^  557 
hippuric  acid  m,  552 
indif^o  in,  561 
leucnn  in,  554 
leukocytes  in,  563 
mode  of  ezamination  of,  548, 

571 
monocaloium    phosphate    in, 

552 
mucous  cylinders,  577 
neutral  calohun  vhosjcAaAe  in, 

559 
non-organised,  549 
organised^  561 
parasites  m,  animal,  586 

vegetable,  580 
protoBoam,  586 
soaps  of  lime  and  magnesium 

in,  557 
sp)ennatozoa  in,  579 
tube  casts  in,  570 

tumor  particles  in,  587 
tyrosin  in,  554 
urates  in,  550,  560 
uric  acid  in,  549 
xanthin  in,  556 
Semen,  624 

chemistry  of,  624 
general  characteristics  of,  624 
microscopic  examination  of,  624 
pathology  of,  624 " 
recognition  of,  in  stains,  625 
sp)ermatic  crystals  in,  624 
spermatozoa  in,  624 
Sepsis,  organisms  in  the  blood  in,  15S 
Septic  factor,  Simon's,  90,  108 
Serosamucin,  597 
Serous  exudates,  591 
Serum  albumin  in  the  blood,  28 
in  the  urine,  441 

estimation  of,  467 
tests  for,  466 
globulin  in  the  blood,  28 
in  the  urine,  454 

estimation  of  469 
test  for,  469 
Shiga's  bacillus,  276 
Siderosis,  358 
Simon's  counting  chamber,  137,  139 


Simon's  opsonic  index,  643 

sepHc  factor,  90, 108 

ureometnr,  409 
Skatol  in  the  feces,  318 

tests  for,  319 
Sleeping  sickness,  (nnmiam  c^,  188 
Slid^20^     ^^ 
Small  mononudear  leukoeytea,  70 
Smegma  bacillus,  351,  583 
Sm&'s  test  for  bile  pigment,  512 
Soaps  of  lune  and  magnesium  in  the 

uxine,  557 
Sodium  chloride  in  hydatid  fluid,  621 
Spermatic  crsrstals,  623 
%>eimatoc3rstitis^  580 
Spennatorriiea,  580 
Sperpaatosoa  in  the  semen,  024 

in  the  urine,  579 
Spermin,624 
l^fueder's  reagent,  466 
S|urais  of  Curschmann,  332 
Spirilla  of  Vincent's  angina,  204 
&unKduete  Obenneieri,  189 

pallida,  in  blood,  191 

in  iydiiilitic  material,  606 
Splraiocyte^  73 
^poroBoa^294 

^totted  fever,  oiganism  of,  191 
Sputum,  326 

Anfeoebacoli  in,  339 

amount  of,  327 

bacteria  in,  344 

blastomyoetes  in,  353 

blood  in,  335 

cheesy  particles  in,  330 

chemisUy  of,  358 

color  of,  328 

concretions  in,  333 

configuration  of,  329 

consistence  of,  327 

crudum,  329 

crystab  in,  354 

Curschmann's  spirals  in,  332 

Diplococcus  pneumonise  in,  348 

Distoma  pulmonale  in,  343 

echinococcus  in,  333 

elastic  tissue  in,  330,  337 

epithelial  cells  in,  336 

fibrinous  casts  in,  330 

foreign  bodies  in,  333 

general  characteristics  of,  326 

globosum,  329 

heterogeneous,  329 

homogeneous,  329 

influenza  bacillus  in,  349 

leukocytes  in,  334 

macroscopic  constituents  of,  330 

microscopic  examination  of,  334 

nummular,  329 

odor  of,  328 

parasites,  animal,  in,  339 
vegetable,  in,  344 

specific  gravity  of,  329 
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Sputum,  streptothrices  in,  351 
Taenia  echinococcus  in,  339 
technique  in  the  e?famination  of, 

326 
tubercle  bacillus  in,  344 

Staininjg,  methods  of,  129 

Erinciples  of,  125 
ylococcus      pyogenes      albus, 
169 
aureus,  169 
citreus,  169 
Steatorrhea,  262 
Stercobilin,  320,  513 
Sterooraceous  material    in    the    vomit, 

248 
Stimulation  forms,  82 
Stomach,  motor  power  of,  252 
rate  of  absorption  in,  254 
tube,  211 

contra-indications   to    its  use, 

211 
its  introduction,  211 
washing,  212 
Stomatitis,  catarrhal,  202 
gonorrheal,  202 
ulcerative,  202 
Stools.    See  Feces. 
Strauss'  test  for  lactic  acid,  236 
Strecker's  test  for  xanthin,  557 
Streptococcus  pyogenes,  170 
brevis,  170 
conglomeratus,  170 
longus,  170 
Streptothrices,  351 
Streptothrix  actinomycotica,  352 
eppingeri,  352 
hominis,  352 
pseudotuberculosa,  352 
Strongyloides,  308 

intestinalis,  312 
Strong^dus  duodenalis,  308 
Stycosis,  358 

Succinic  acid  in  hydatid  fluid,  621 
Sudan  stain  for  fat,  572 
Sugar  in  the  blood,  40 
in  the  urine,  474 

estimation  of,  489 
testa  for,  483 
Sulphanilic    acid    test.     Sec    Ehrlich's 

reaction. 
Sulphates  in  the  urine,  390 

estimation  of  total,  394 
conjugate,  392 
estimation  of,  395 
mineral,  391 
tests  for,  394 
Sulphocvanides,  in  the  saliva,  199 

in  tlie  urine,  396 
Sulphohemoglobin,  35 
Sulphur,  neutral,  in  urine,  396 
estimation  of,  398 
Syphilitic  blood  test  of  Justus,  32 
Syphilis.   See  Spirochete  pallida. 


Tsenia  Africana,  299 

canina,  299 

cucimierina,  299 

diminuta,  299 

echinococcus,  339 

flavopunctata,  299 

lata.  300 

Madagascariensis,  299 

mediocanellata,  295 

nana,  297 

saginata,  295 

solium,  297 
Talquist's  hemoglobinometer,  152 
Tartar,  203 

Taurocarbaminic  acid  in  urine,  396 
Teichmann's  crystals,  36 
Test  breakfast  of  Boas,  210 

of  Ewald  and  Boas,  210 

dinner  of  Riegel,  210 

meal  of  Salzer,  210 

meals,  210 
Thiosulphates  in  urine,  396 
Thoma-Zeiss'  hemoc)rtometer,  140 
Thrush,  202 
Toison's  fluid,  140 
Tollen's  orcin  test,  497 

phloroglucin  test,  497 
Tongue,  coating  of,  203 
TonsiUitis,  204 
Tonsils,  coating  of,  203 
Topfer's  method  of  estimating  hydro- 
chloric acid,  222 

test  for  hydrochloric  acid,  219 
Transition  forms,  74 
Transudates,  588 

albumin  in,  589 

chemistry  of,  590 

coagulation  of,  590 

general  characteristics  of,  588 

microscopic  examination  of,  591 

specific  gravity  of,  588 
Trematodes,  302 

Treponema  pallidum,  in  blood,  191 
in  syphilitic  material,  606 
Triacid  stain,  Ehrlich's,  130 
Pappenheim's,  126 
Trichina  spiralis,  311 
Trichloracetic  acid  test,  465 
Trichocephalus  dispar,  311 
Trichomonads  in  the  feces,  291 

in  the  sputum,  339 

in  the  stomach  contents,  251 

in  the  urine,  586 

in  vaginal  discharges,  628 
Trichomonas  vaginalis,  291 
Trichotrachelides,  311 
Triple  phosphate  crystals  in  the  sputum, 

357 
in  the  urine.  560 
Tripperfaden,  566 
Tronuner's  test,  483 
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Tiopeolin  test  (car  hvdiochloric  add,  221 
Trypanosoma  fpambimifle,  188 
TrypanoflomiaaiB,  187 
in  the  blood,  187 
in  the  oerebT06|nnal  flukl,  618 
Trypoin  in  pancreatic  crystB,  622 

test  f or^  622 
Tube  oasts  in  the  nnne,  571 

amyloid,  675 

blood,  572 

clinical  supiifieanoe  of,  577 

compound  hyaline,  573 

ejHtbelial,  572 

fatty,  574 

eranular,  574 

hyaline.  572 

inode  of  examination  of,  571 

pseudo-,  576 

pus,  565 

stamins  of ,  572 

true,  572 
wary,  574 

Tuberde  baefllus,  344 

cultivation  of,  347 
detection  of,  345 
in  the  blood,  173  . 
in  the  oeiebraannal  fluid,  616 
in  the  feces,  385 
in  the  milk.  634 
in  the  moum,  202 
in  the  sputum,  344 
in  the  unne,  582 
staining  of,  345 
Tuberculosis,  bacillus  of,  344 
Tumor  particles  in  the  gastric  contents, 
252 
in  the  urine,  587 
Turck's  counting  chamber,  140 
Typhoid  fever,  bacillus  of,  15»,  278 
in  the  blood,  159 
in  the  feces,  278 
in  the  sputum,  351 
in  the  urine,  584 
Typhus  fever,  apiosoma  of,  190 
T3rrosin,  in  the  sputum,  357 
in  the  urine,  538,  554 
test  for,  556 


Uffelmann's  test  for  lactic  acid,  235 
Ulceromembranous  angina  of  Vincent, 

204 
Uncinaria  Americana,  308 

duodenalis,  307 
Unna-Tanzer  stain,  339 
Urates  in  urinary  sediments,  550,  560 
Urea  in  the  blood,  42 
in  the  urine,  399 

estimation  of,  409,  412 
origin  of,  399 
properties  of,  407 
tests  for,  407 


Uiea  nitrate,  406  : 

oxalate,  406 
Uie^ua,  43 
Ureometera,  409 
Doremus*,  411 

Heins,  411  ^ 

^mon's,  409 
Uric  add,  417 

crystals  of,  549 
diaUiesis,  421 
estimation  (yf ,  424 

Fdin's  method,  424 
Hopkins'  metiiod,  424 
Ludwig-Salkoindd  ob- 
thod,&7 
in  blood,  43  j 

in  sediments,  588 
in  urihe,  417 
properties  of,  423 
tests  for,  424 
Urine,  360 

acetone  in,  527 

additjT  of,  371 

albumins  in,  440 

albumoses  in,  454 

alkapton  in,  518 

alloxur  bases  in,  427,  556 

amino-adds  in,  538 

ammonia  in,  415 

amount,  362 

animal  paradtes  in,  586 

bacteria  in,  580 

Bence  Jones'  albumin  in,  456 

benzoic  acid  in,  431 

bile  acids  in,  512 

pi^ents  in,  510 
blood  m,  567 
blue,  521 

carbohydrates  in,  474 
carbonates  in,  560 
casts  in,  570 
chemistry  of,  373 
chlorides  in,  374 
cholesterin  in,  513 
chromogens  in,  501 
chyle  in,  539 
color  of,  360 
consistence  of,  362 
crotonic  acid  in,  535 
cystin  in,  397,  553 
dextrin  in,  496 
diacetic  acid  in,  532 
Ehrlich's  diazo  reaction,   522 

benzaldehyde  reaction,  526 
epithelium  in,  561 
fat  in,  539,  557 
fatty  acids  in,  537 
ferments  in,  540 
fibrin  in,  459 
foreign  bodies  in,  587 
gases  in,  541 
general  appearance  of,  360 

chemical  compodtion  of,  373 
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Urine,  glucose  in,  474 

glucuronic  acid  in,  497 

peen,  621 

heniatoporphyrin  in,  508 

hemoglobin  in,  458 

hippuric  acid  in,  429,  552 

histon  in,  461 

homogentisinic  acid  in,  518 

indican  in,  501 

indi^  in,  561 

inosit  in,  498 

kreatin  in,  432 

kreatinin  in,  432 

krj'oscopy  in,  546 

lactic  acid  in,  535 

lactose  in,  495 

laiose  in,  496 

leucin  in,  554 

leukocytes  in,  563 

levulose  in,  495 

maltose  in,  496 

melanin  in,  516 

microscopic  examination  of,  546 

mineral  ash,  estimation  of,  373 

neutral  sulphur  in,  396 

nitrogen  in,  402 

nucleo-albumin  in,  460 

nucleohiston  in,  461 

odor  of,  362 

organized  sediments  in,  561 

oxalates,  551 

oxalic  acid  in,  436 

oxaluric  acid  in,  436 

oxyamygdalic  acid,  536 

oxybutyric  acid  in,  533 

parasites  in,  580 

pentoses  in,  496 

peptone  in,  457 

phenol  in,  517 

phosphates  in,  382,  552,  558 

pigments  in,  498 

referable  to  drugs  in,  521 
ptomains  in,  542 
pus  in,  563 
quantity  of,  362 
reaction  of,  369 
sediments  in,  546 
serum  albumin  in,  441 

globulin  in,  454 
solids  in,  368 
specific  gravity  of,  366 
spermatozoa  in,  579 
sugar  in,  474 
sulphates  in,  390 
sulphur  neutral  in,  396 
tube  casts  in,  570 
tumor  {)articles  in,  587 
tyrosin  in,  554 
urates  in,  550,  560 
urea  in,  399 
uric  acid  in,  417,  549 
urobilin  in,  513 
urochrome  in,  499 


Urine,  uroerythrin  in,  500 

urohematin  in,  506 

urohematoporphyrin  in,  508 

urorosein  in,  507 

vegetable  parasites  in,  580 

xanthin  bases  in,  427,  556 
Urines,  blue,  521 

green,  521 
Urinometers,  367 
Urol>ilin,  febrile,  513 

in  the  blood,  49 

in  the  urine,  513 

normal,  499 

pathological,  513 

tests  for,  49 

Braunstein's,  515 
Gerhardt's,  515 
Schlesinger*s,  515 
spectroscopic,  515 
Urobilinogen,  513 
Urobilinuria,  513 
Urochrome,  499 
Uroerythrin,  500 
Urofuscohematin,  508 
I'rohematin,  506 
Urohematoporphyrin,  508 
Urorosein,  507 
I'roroseinogen,  507 
Urorubrohematin,  508 


Vaginal  blennorrhea,  628 
discharges,  627 

bacteria  in,  627 

during  menstruation,  629 

following  parturition,  629 

general  description  of,  627 

in  abortion,  631 

in  gonorrhea,  630 
I  in  membranous  dvsmenorrhea, 

630 

in  uterine  cancer,  630 

in  vaginitis,  629 

in  \airvitis,  629 

parasites  in,  628 

reaction  of,  627 
Vaginitis  exfoliativa,  630 
Vaughan's  granules,  64 
Vincent's  angina,   204 

fusiform  bacillus,  204 
Vitalli's  tost  for  pus,  564 
Volume  index,  147 
Vomited  material,  244 

bile  in,  246 

blood  in,  247 

food  material  in,  244 

mucus  in,  245 

odor  of,  249 

pancreatic  juice  in,  246 

parasites  in,  249 

pus  in,  248 
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Vomited  matorial,  saliva  in,  246 

sterooraoeous  material  in,  248 
VomituB  matutinuB,  246 
Von  fleiflchl's  bemometer,  150 
Voumaso's  test  for  lactic  acid,  236 


Wang's  estimation  of  indican,  504 
Waxy  casts,  574 
Weigert-Ehriich  stain,  346 
Weiiert's  elastic-tissue  stain,  339 
We^'s  test  for  kreatinin,  434 
Wfa!otstone  crystals.    See  Uric  add. 
White  blood  corpuscles.     See  Leuko- 
cytes. 
Whooping-cough,  bacillus  of,  350 
Widal's  serum  test,  160 


Williamson's  blood  test  in  diabetes,  42 
Wonns.    See  Vermes. 
Wright's  coagulometer,  28 
stain,  13a 


Xanthik  bases  in  the  blood,  44 

in  the  feces,  322 

in  the  urine,  418,  427,  556 
estimation  of,  427 
Xylose  in  urine,  496 


Z 


Zappbrt-Ewing  counting  chamber,  140 
Ziehl-Neelsen  stain,  346 
Zymogens  in  the  gastric  juice,  227 


